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IMPORTANT SAFETY NOTICE 


Appropriate service methods and proper repair procedures are essential for the safe, reliable operation of all motor vehicles, 
as well as the personal safety of the individual doing the work. This manual provides general directions for accomplishing 
service and repair work with tested, effective techniques. Following them will help assure reliability. 


There are numerous variations in procedures, techniques, tools, and parts for servicing vehicles, as well as in the skill of the 
individual doing the work. This manual cannot possibly anticipate all such variations and provide advice or cautions as to each. 
Accordingly, anyone who departs from the instructions provided in this manual must first establish that he compromises 
neither his personal safety nor the vehicle integrity by his choice of methods, tools or parts. 


As you read through the procedures, you will come across NOTES, CAUTIONS, AND WARNINGS. Each one is there for 
a specific purpose. NOTES give you added information that will help you to complete a particular procedure. CAUTIONS are 
given to prevent you from making an error that could damage the vehicle. WARNINGS remind you to be especially careful 
in those areas when carelessness can cause personal injury. The following list contains some general warnings that you 
should follow when you work on a vehicle. 


* Always wear safety glasses for eye protection. * To prevent serious burn, avoid contact with hot metal 
* Use safety stands whenever a procedure requires you to parts such as the radiator, exhaust manifold, tail pipe, 


be under the vehicle. catalytic converter and muffler. 


* Be sure that the ignition switch is always in the OFF * Do not smoke while working on the vehicle. 
position, unless otherwise required by the procedure. * To avoid injury, always remove rings, watches, loose 

* Setthe parking brake when working on the vehicle. If you hanging jewelry, and loose clothing before beginning to 
have an automatic transmission, set it in PARK unless work on a vehicle. Tie long hair securely behind the head. 
instructed otherwise for a specific service operation. If * Keep hands and other objects clear of the radiator fan 
you have a manual transmission, it should be in RE- blades. Electric cooling fans can start to operate at any 
VERSE (engine OFF) or NEUTRAL (engine ON) unless time by an increase in underhood temperatures, even 
instructed otherwise for a specific service though the ignition is inthe OFF position. Therefore, care 
operation. should be taken to ensure that the electric cooling fan is 

е Operate the engine only in a well-ventilated area to avoid completely disconnected when working under the hood. 
the danger of carbon monoxide. 


* Keep yourself and your clothing away from moving parts 
when the engine is running, especially the fan and belts. 


The recommendations and suggestions contained in this manual are made to assist the dealer in improving his dealership parts 
and/or service department operations. These recommendations and suggestions do not supersede or override the provisions of 
the Warranty and Policy Manual, and in any cases where there may be a conflict, the provisions of the Warranty and Policy Manual 
shall govern. 


The descriptions, testing procedures and specifications in this handbook were in effect at the time the handbook was approved 
for printing. Ford Motor Company reserves the right to discontinue models at any time, or change specifications, design or 


testing procedures without notice and without incurring obligation. Any reference to brand names in this manual is intended 
merely as an example of the types of tools, lubricants, materials, etc. recommended for use. Equivalents if available may 
be used. The right is reserved to make changes at any time without notice. 


WARNING: Many brake linings contain asbestos fibers. When working on brake components, avoid breathing the dust. Breathing 
the asbestos dust can cause asbestosis and cancer. 


Breathing asbestos dust is harmful to your health. 


Dust and dirt present on car wheel brake and clutch assemblies may contain asbestos fibers that are hazardous to your health 
when made airborne by cleaning with compressed air or by dry brushing. 


Wheel brake assemblies and clutch facings should be cleaned using a vacuum cleaner recommended for use with asbestosis fibers. 
Dust and dirt should be disposed of in a manner that prevents dust exposure, such as sealed bags. The bag must be labeled and 
the trash hauler notified as to the contents of the bag. 


If a vacuum bag suitable for asbestos is not available, cleaning should be done wet. If dust generation is still possible, technicians 
should wear government approved toxic dust purifying respirators. 


OSHA requires areas where asbestos dust generation is possible to be isolated and posted with warning signs. Only technicians 
concerned with performing brake or clutch service should be present in the area. 


Produced and Coordinated by 
Technical Training Department 
Copyright ©1994 Ford Motor Company Ford Customer Service Division 


SERVICE STANDARDS 


Mission Statement: 


All dealership personnel will treat every customer as a potential lifetime purchaser, 
communicating a professional image which embraces honesty and concern for 
customer wants and needs. 


Dealer-to-Customer Service Standards: 


l. Appointment available within one 4. Vehicles serviced right on the 
day of the customer's requested first visit. 


service day. 


| . Service status provided within опе 
. Write-up begins within four minutes minute of inquiry. 


5 
of arrival. 6 
7 


. Vehicle ready at agreed upon time. 
. Service needs courteously identified, 
accurately recorded on Repair 


; Thorough explanation of work done, 
Order, and verified with customer. coverages and charges. 


These seven service standards provide a process and product value that are 
compelling reasons for owners to purchase and repurchase Ford or Lincoln-Mercury 
products. These standards also help to attract new owners through favorable 
testimonials and improved owner satisfaction. 

Standard 4 

"Fix It Right the First Time, on Time." 

The technician is the most important player when it comes to Standard £4. 

Why 

Custorners tell us "Fixing It Right the First Time, on Time" is one of the top reasons they 
would decide to return to a dealer to buy a vehicle and get their vehicles serviced. 
Technician Training 


It is our goal to help the technician acquire all of the skills and knowledge necessary to 
"Fix It Right the First Time, on Time.” We refer to this as “competency.” 


Technician's Role 
To acquire the skills and knowledge for competency in your specialty via 
— ІМІ5 (self study) — New Model (self study and instructor led) 
— CTP (self study) — SIST (instructor led) 
The Benefits 
The successful implementation of standards means 
— Satisfied customers 
— Repeat vehicle sales 
— Repeat service sales я 
— Recognition that Ford and Lincoln/Mercury technicians are 
“the Best in the Business” 
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INTRODUCTION 


MASTERS PROGRAM Planned Training Pathway 


The goals of the program are to: Ford Motor Company has identified the skills and 
knowledge necessary to meet the curriculum 
goals. The Planned Training Pathway is a 
l ae e sequence of courses that are designed to provide 
— unify and strengthen existing training and you with these skills and knowledge. 

recognition programs. 


— stress the importance of continuous 
training. 
— recognize technician achievements. 


The preceding chart shows the Specialty Levels 
and courses in the Masters Program. 


— increase awareness of available Ford 
training programs and resources. 
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INTRODUCTION 


Automotive Electrical 
Systems STST/IVLS 


Essentials of Driveability 
Diagnosis CTP 


Automotive Electronics 
IVLS/STST 
Ignition System Theory 
and Operation CTP 
Ignition System Diagnosis 
and Analysis IVLS 
Exhaust & Emission 


System Theory 
and Operation CTP 


Exhaust & Emission 
System Diagnosis and 
Analysis IVLS 


Ign., Exh., & Emission 
System Diagnosis and 
Testing STST 


Fuel & Air Inlet 
Diagnosis and Analysis 
IVLS 


Fuel & Air Inlet 
Diagnosis and Testing 
STST 


Advanced Driveability 
Diagnosis and Analysis 
IVLS 


Advanced Driveability 
Diagnosis and Testing 
SIST 
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ENGINE PERFORMANCE CURRICULUM 


Description 


The Engine Performance Curriculum consists of thirteen courses. 
The CTP (Comprehensive Training Program) and IVLS (Interactive 
Video Learning System) are self-paced and self-study training 
programs. The STST (Service Technician Specialty Training) courses 
are hands-on programs that are facilitated by an instructor. The 
information in the CTP and IVLS courses are designed to prepare 
you to successfully complete the STST courses. You are currently in 
the Fuel and Air Inlet Systems Theory and Operation course. 


Engine Performance Curriculum Goals 


— Provide Necessary Training to Enable Technicians to "Fix it right 
the first time." 


— Increase Technician Productivity 
— |ncrease Customer Satisfaction 

— Promote QC-P Improvements 

— Lower Customer Complaint Volume 
— Lower Repeat Repairs 


How to Complete the Curriculum 


To successfully complete the Engine Performance Curriculum, you 
must: 


Bi start at the correct place in the curriculum. 


. Bi be fully prepared for each course. 


Bi be willing to learn. 
START IN THE CORRECT PLACE 


A placement test has been developed for technicians entering the 
Engine Performance Curriculum. This test is designed to match your 
experience and skill with the correct course. For example, if you have 
previous electrical or engine performance related training and work 
experience, you may be able to skip the first four courses in the 
curriculum. If you are just entering the Engine Performance Specialty, 
you should start at the beginning of the curriculum. See your Service 
Manager for more details. 


PREPARE FOR EACH COURSE 


We recommend that you schedule your training so that when you attend 
an STST course, the knowledge that you need to know will be fresh in 
your mind. Each CTP and IVLS course leads up to a STST course. 
Therefore, you should try to complete the prerequisite CTP and IVLS 
courses within one month prior to attending the STST course. 
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77“ WANT TO LEARN 


The amount of effort you put into your training will directly affect your success. The Engine Performance 
Curriculum has several CTP and IVLS courses. Since all of the CTP and IVLS courses are self-paced 
and self-study programs, you have greater control over how much you learn, how fast you learn and how 
well you learn it. But it also means that you are responsible for learning the material in these courses. 
You owe it to yourself to put forth a reasonable effort by: 

Bi setting aside some serious study time. 

B following course directions and recommendations. 

B scheduling appropriate STST courses. 

в completing all requirements prior to attending the STST courses. 

Bi reviewing materials prior to attending any STST course to make sure that all technical knowledge is "fresh." 
ш Attending and participating іп all STST course activities. 


ENGINE PERFORMANCE CURRICULUM CTP COURSES 


The Engine Performance curriculum emphasizes the relationship between symptom, condition and cause. 
"Fuel and Air Inlet Theory and Operation" is presented in this position in the Engine Performance curriculum 
because the metering of fuel is interrelated to nearly all that you have learned in the previous CTP courses. 
As a result, this course will tie together relationships between the various aspects of engine performance. 


The preceeding CTP courses in this curriculum prepared you for this course: 


Essentials of Driveability Diagnosis 


In this course, you learned the concepts of compression pressure and the relationships between: 

B intake air volume and velocity 

B intake manifold pressures 

ШЕ compression pressures and temperature 

B combustion pressures and temperatures 

Bi exhaust pressures and temperatures 

You learned the effects that the base engine and non-engine systems produce, including drivetrains and 
gear ratios. The concept of EEC systems for measuring conditions and controlling systems was 


introduced. The operation of sensors, actuators and computer programs was explained. Response of 
the computer to inputs and outputs and the necessary signal transmission was discussed. 


Ignition System Theory and Operation 


In this course, you learned the qualities of a good spark and the relationship between the ignition system 
and the production of a good spark. You learned how ignition spark timing is controlled. 


Exhaust and Emission System Theory and Operation 


In this course, you learned that vapors from fuel tank evaporation and piston ring blow-by are routed to 
the engine air intake for burning. You learned that the catalytic converter and secondary air systems 
convert harmful gases to less harmful gases. You learned that exhaust gases are used to control 
combustion temperatures while still maintaining good compression and combustion pressures. 
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посопоопт 
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6. Interpret 
Test Results 


7. Isolate 
Root Cause 


8. Repair 
the Problem 


9. Verify the 


Repair | 


FUEL AND AIR INLET SYSTEM THEORY AND 
OPERATION 


This course will tie together many concepts that were introduced in 
previous courses when the effects or requirements of rich, lean or 
normal air/fuel mixtures were first discussed. You will see how the 
different systems interact in all operating modes and conditions to 
produce the desired results: 


m Maximum power 

m Minimum fuel consumption 
m Minimum exhaust emissions 
m Smooth driveability 


Diagnostic Procedure 


This course reviews the Diagnostic Procedure and provides you with 
knowledge and relationships that are necessary to identify systems or 
subsystems that require testing and diagnosis. 


The shaded steps of the Diagnostic Procedure represent the area of 
instruction provided by this course. These first four steps of the 
diagnostic procedure deal with the thought process you use when 
you diagnose a driveability concern. 


Course Goals 


Using the information provided in this course you will identify the 
relationships between driveability symptoms and the fuel and air 
intake/inlet systems. 
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Ц -- - -  ----- 


Progress Check and Post Test 
Questions 


Each lesson of this course has Progress Checks. 
These are designed to give you quick “feedback” 
on how well you understand the material. If you 
miss any Progress Check questions, you should 
review the material in the lesson. 


Post Test questions can be found at the end of 
this course. The Post Test is designed to let you 
know if you are ready for the next course. Most 
CTP courses are followed by an IVLS course. If 
you have difficulty in the ІУІ 5 courses, you will 
be directed to review the appropriate CTP 
courses. Therefore, please study all CTP courses 
carefully. 


For those of you who may wish to become ASE 
(Automotive Service Excellence) certified, we 
have included some questions in the ASE format. 
This will help you to score higher on ASE tests. 


Glossaries 


There is a Glossary at the back of the book to 
help you with terminology. 


The Society of Automotive Engineers (SAE) has 
developed a list of terminology and acronyms, 
called J-1930. This list is to be used throughout 
the automotive industry to simplify 
communication. It will provide consistent 
descriptions in service manuals, training 
materials, and parts books. 


Of course, J-1930 is new, and information that 
was published in the past may have terminology 
and acronyms that are different from those in the 
J-1930 list. Although you are familiar with some of 
the components, signals, and systems that are 
described in this course, you may not recognize 
the names and acronyms. A cross-reference to 
the J-1930 list is provided to help you relate the 
old terminology to the new. Please refer to the 
glossary and J-1930 whenever you see a 
technical term that you don’t understand. 


Words that appear in bold face type are defined 
in the glossary. 
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questions you missed o cks 
NAAO AND ASSOCIATION VEHICLES 


Some vehicles sold by Ford Motor Company are 
produced by other automobile manufacturers or 
were jointly developed and/or manufactured by 
Ford and another automobile manufacturer. 
These vehicles are called Association Vehicles 
because they are sold in a partnership 
association between Ford and other automobile 
manufacturers. 


Vehicles designed by Ford and manufactured in 
North America by Ford are called NAAO 
Vehicles. NAAO means North American 
Automotive Operations. In the past, Association 
Vehicles were called Non-NAAO Vehicles. 


This course will generally not identify specific 
components as being unique to NAAO or 
Association Vehicles, because it teaches 
concepts and systems that are common to 
vehicles in general. 


Ford Product Fuel Systems 


Fuel systems for NAAO and Association vehicles 
are generally similar. The explanations and 
illustrations in this course cover the systems and 
components that are typically used. Illustrations 
in this course generally show typical or example 
components to express the concept. Because 
components and systems vary by model and 
model year, always refer to the service and PCED 
manuals for the specific vehicle that you are 
servicing. 


The following is a list of driveability symptoms, 
definitions and possible conditions that may 
cause them. These symptoms and definitions will 
be used throughout this course. 
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ENGINE WILL NOT Engine will not crank when кеу | B Electrical fault (starter system) 
CRANK is moved to the START position. | Ш Mechanical fault (base engine) 


ENGINE CRANKS 
SLOWLY 


ш Electrical fault (starter system) 
B Incorrect ignition spark timing 
ш Mechanical fault (base engine) 


Engine cranks slower than 
normal for temperature 
conditions. 


NO START WITH The starter cranks the engine at | B Incorrect air/fuel mixture | 
NORMAL CRANKING | normal cranking speed, but the | B Incorrect ignition spark timing 
SPEED engine does not begin to run. ш Deficient spark intensity 

B Insufficient compression 


B Incorrect air/fuel mixture 
B Incorrect ignition spark timing 
B Deficient spark intensity 
W Insufficient compression 


HARD STARTING/LONG | The starter cranks the engine at 
CRANKING TIME normal cranking speed but the 
engine requires excessive 
cranking time before starting. 


ENGINE QUITS AFTER | Engine starts but stops when the | # Incorrect air/fuel mixture | 
STARTING key is returned to the RUN m Incorrect ignition spark timing 
position. B Deficient spark intensity 

ш Insufficient compression 


LOW IDLE SPEED Idle speed is slower than I Incorrect air/fuel mixture 
specification. Bi Incorrect air flow control 


Ш Incorrect ignition spark timing 
ш Low engine operating temperature 


HIGH IDLE SPEED Idle speed is faster than ш Incorrect air/fuel mixture 
specification. B Incorrect air flow control 
ш Incorrect ignition spark timing 


SLOW TO RETURN ТО | Engine speed remains high too | B Incorrect air/fuel flow control 
IDLE long when throttle is returned to 
the idle position. 


ROLLING IDLE Engine speed varies frequently | B Incorrect air/fuel mixture — 
during idle. ш Cyclical engine load variations 


ENGINE STALLS Engine stops running under ш Incorrect air/fuel mixture 
load, usually occurring at idle Ш Incorrect air flow control 
when a transmission gear is ii Incorrect ignition spark timing 
engaged. Engine will readily ш Deficient spark intensity 

restart. B Low engine operating temperature 


B Interruption of fuel supply 
B Interruption of air supply 
B Interruption of ignition spark 


ENGINE QUITS Engine stops running for no 
apparent reason. Engine will 


readily restart. 


B Air/fuel mixture imbalance 
B Inconsistent compression 
B Inconsistent ignition 
B Low engine operating temperature 
ш Unbalanced accessories and 
drivetrain components 


ENGINE RUNS ROUGH | Inconsistent production of power 


causes a vibration. 
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Symptom Possible Conditions 


ENGINE MISSES 
[MISFIRES] 


HESITATION 
STUMBLE 


ENGINE SURGE Engine speed changes while 
throttle position is steady. 
BUCK OR JERK 


TRAILER HITCHING 


LACK OF POWER 
SPARK KNOCK 


EXHAUST BACKFIRE 


INDUCTION BACKFIRE 


INTRODUCTION 


One or more cylinders 
consistently failing to produce 
power causes a vibration. 


A lag occurs between the time 
the accelerator is lightly pushed 
(tipped-in) and acceleration 
begins. 


A dropoff of power between the 
time the throttle opens more and 
speed increases. 


Sudden lurch occurs due to 
power flow interruption during 
acceleration. 


Sudden lurch occurs due to 
power flow interruption during 
deceleration. 


Excessive accelerator 
application is required to cruise. 
Acceleration is slower than 
expected. 


A series of “pinging,” “rattling,” or 
“knocking” sounds are typically 
heard only during cruise or 
acceleration. 


A momentary or brief series of 
“popping” sounds from the 
exhaust system. 


A momentary or brief series of 
“popping” sounds from the 
intake system. 


B Incorrect air/fuel mixture іп one or 
more cylinders 

B Deficient ignition spark intensity in 
one or more cylinders 

B Insufficient compression in one or 
more cylinders 

ш Unbalanced engine parts, 
accessories and drivetrain 
components 


@ Incorrect air/fuel mixture 
B Low engine operating temperature 


ш Incorrect air/fuel mixture 
B Deficient spark intensity 
B Low engine operating temperature 


Ш Intermittent engagement of loads 
from drivetrain and accessories 


ш Momentary deficient spark intensity 
ш Momentary incorrect air/fuel mixture 
W Drivetrain 


B Incorrect air/fuel mixture 
B Drivetrain malfunction 
B Powertrain mounts malfunction 


Ш Incorrect air/fuel mixture 

W Incorrect ignition spark timing 

ш Deficient spark intensity 

B Insufficient compression 

ш Restricted air flow (intake or exhaust) 
B Incorrect gear ratio 


B Insufficient fuel octane 

Ш Excessive compression 

W Incorrect ignition spark timing 
B Incorrect air/fuel mixture 

B Incorrect gear ratio 

m Excessive engine temperature 


B Incorrect air/fuel mixture 

B Incorrect ignition spark timing 

Ш Incorrect valve timing or valve 
leakage 

B Incorrect air/fuel mixture 

Ш Incorrect ignition spark timing 

B Incorrect valve timing or valve 
leakage 
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INTRODUCTION 


RUNS-ON (“DIESELS”) 


Gasoline engine continues to 
run after the key is turned to 
OFF position but runs very 
roughly. 


POOR FUEL ECONOMY | Fuel consumption per mile 


EXCESSIVE 
EMISSIONS 


driven is higher than expected. 


Engine fails to pass state or city 
emissions test. 


WARNING INDICATOR | CHECK ENGINE indicator light 
(MIL/DCL ONLY) is on. 


EXHAUST SMOKE 
EXHAUST ODOR 


Intro-8 


There are visible emissions from 
the tailpipe. 

NOTE: Water vapor that is 
naturally present in exhaust 
gases may also appear as white 
smoke, especially in cool or 
humid weather, and during 
engine warmup. 


There is an excessive sulfur or 
"rotten egg" smell from the 
engine exhaust system. 

NOTE: Sometimes a sulfur odor 
is normal because sulfur is a by- 
product of the catalytic process. 


NOTE: A sweet odor from the 
exhaust is caused by engine 
coolant entering the combustion 
chamber or exhaust system. 


B Incorrect air/fuel control 


Ш Driving conditions 

B Driving procedures 

m Excessive expectations 

B Low engine temperature 

B Incorrect ignition spark timing 
ш Deficient spark intensity 

ш Incorrect air/fuel mixture 

i Insufficient compression 

Bi Incorrect gear ratio 

ш Additional rolling resistance 
ш Additional aerodynamic drag 
m Dragging brakes 

ii Wheel alignment 


B Incorrect air/fuel mixture 

Ш Incorrect ignition spark timing 

ш Deficient spark intensity 

B Insufficient compression 

B Insufficient chemical reaction іп 
catalytic converter 

i Oil in combustion chamber ог 
exhaust 


ш The light is activated by the self- 
diagnostic functions of the electronic 
engine control system 


B White smoke: 


— Engine coolant entering the 
combustion chamber or exhaust 


— Automatic transmission fluid 
entering the combustion chamber 
а Black smoke: Incorrect air/fuel 
mixture 
B Blue smoke: Oil in combustion or 
exhaust 


B Incorrect air/fuel mixture 

B Incorrect spark timing 

ш Deficient spark intensity 

B Abnormal chemical reaction in 
catalytic converter 
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Intake System Related 


Conditions & Symptoms 
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Conditions & Symptoms 
EEC System Related 
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Flexible Fuel System 
Lesson 12 | Throttle Body Fuel Injection System 
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Note: Each lesson in this course will contain information that relates 
to certain steps of the diagnostic procedure. At the beginning of each 
lesson, these steps will be shaded so that you will be able to see how 
the lesson applies to the diagnostic procedure. So, at the beginning 
of each lesson, all you have to do is look at the shaded boxes in the 
diagnostic procedure and you will automatically know where the 
instruction in the lesson fits into the Diagnostic Procedure. 


LESSON 1: AIR/FUEL RATIOS 


Where does this lesson fit into the Diagnostic Procedure? 


The information in this lesson covers steps one, two and three of the 
Diagnostic Procedure. You need to know about conditions that are 
present during combustion in order to understand why the engine 
needs different air/fuel ratios for different operating modes and 
conditions. The knowledge you obtain in this lesson will enable you to 
relate driveability symptoms to abnormal conditions. 


O-ANoOzoOr-O 


Objective: 
Using the information provided in this lesson you will be able to 


identify the driveability symptoms commonly associated with the fuel 


6. Interpret and air intake/inlet systems. 
Test Results 


7. Isolate 
Root Cause 


птпосопоозт 


8. Нераг 
the Problem 


9. Verify the 
Repair 
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AIR/FUEL MIXTURES 


This lesson defines air/fuel ratios and introduces 
the effects of rich/lean/balanced ratios on the 
following: 


B Combustion pressures and temperatures 
m Power 

B Fuel economy 

m Exhaust emissions 


It is only the oxygen in air that combines with fuel 
vapor to support combustion. Air contains 
approximately 2196 oxygen. The other gases in 
air do not support combustion, but they do 
expand when heated by the burning fuel and 
oxygen. 


The air/fuel ratio is stated in a measure of weight, 
which is related to mass, rather than a measure 
of volume. This is an important point: fuel must be 
metered into the air according to the mass of the 
air. Mass is measured instead of volume because 
density of air varies with temperature and 
atmospheric pressure. When comparing two 
volumes of air, the more dense volume has more 
mass than the less dense volume. Therefore, the 
mass of the air must be measured in order to 
determine how much fuel to provide. 


There are three basic types of air/fuel mixtures: 
в Stoichiometric (balanced) 

B Lean 

m Rich 
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Stoichiometric Air/Fuel Ratio 


Figure 1-1 — Stoichiometric air/fuel ratio 


A stoichiometric mixture, also called a balanced 
mixture, is the most "ideal" air/fuel ratio. A 
stoichiometric air/fuel mixture contains 
approximately 14.7 parts of air per 1 part of fuel 
(14.7:1). This ratio produces the most complete 
combustion. 


Lean Air Fuel Mixtures 


FUEL 1 


Figure 1-2 — Lean air/fuel mixture 


Air/fuel mixtures that contain more oxygen than is 
required for complete combustion of a given 
amount of fuel are called lean mixtures. For 
example, a 17:1 air/fuel mixture is lean, but still 
usually combustible. 
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When the mixture is lean, flame propagation is 
more difficult. Burning molecules ignite fewer 
other molecules when they are far apart. 
Therefore, lean mixtures require long spark 
duration to ignite reliably. The spark must last 
long enough to ignite many molecules. Many 
molecules must be ignited and spread into the 
charge to achieve complete flame propagation. 


Extremely lean mixtures may not ignite, causing a 
misfire. In addition, lean mixtures may stop 
burning if flame propagation is inadequate, and 
the remaining fuel in the charge will not burn. In 
either case, hydrocarbon emissions increase 
and power decreases. Power is reduced as 
mixtures are made more lean. 


Flame speed is slow because the fuel molecules 
are far apart. Therefore, lean mixtures require 
more advanced ignition spark timing. 


Lean mixtures may improve fuel economy if they 
are not so lean that misfire or incomplete 
combustion occurs too frequently. 


Lean mixtures burn very hot because of the high 
oxygen content. High combustion temperatures 
produce NOx emissions. High combustion 
temperatures may increase the temperature of 
the combustion chamber so much that the air/fuel 
mixture ignites prior to the ignition spark. Pre- 
ignition and detonation are covered in greater 
detail in another lesson in this course. 


Lean mixtures may ignite while the intake valve is 
still open, which is one of the causes of induction 
backfire. 


Rich Air/Fuel Mixtures 


Figure 1-3 — Rich air/fuel mixture 


Air/fuel mixtures that contain less oxygen than is 
required for complete combustion of a given 
amount of fuel are called rich mixtures. For 
example, a 10:1 air/fuel mixture is rich, but still 
usually combustible. 


When the mixture is rich, flame propagation is 
easy because burning molecules readily ignite 
other molecules when they are closer together. 
Therefore, flame speed is faster. As a result, rich 
mixtures do not require long spark duration to 
ignite reliably. However, since flame speed is 
faster through a rich mixture, ignition spark timing 
is retarded so the spark occurs later than it would 
with a lean or balanced mixture. Ignition spark 
occurs closer to Top Dead Center (TDC), which is 
when compression pressures are highest. 


Extremely rich mixtures may not ignite, causing a 
misfire. Rich mixtures stop burning when there is 
not enough oxygen left to support combustion. 
Therefore, the remaining fuel in the charge does 
not burn. In either case, hydrocarbon emissions 
increase and power decreases. 


Rich mixtures use more fuel so fuel economy is 
reduced. Very rich mixtures produce very poor 
fuel economy because the flame quits burning or 
does not ignite reliably when there is too little 
oxygen in the mixture. 


Power increases as mixtures are made richer 
from stochiometry because the flame speed is 
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faster. Power decreases if the mixture is made 
too rich; too little oxygen is present to ignite 
reliably or to support complete combustion. 


Rich mixtures create less heat when they burn 
because the additional fuel has a quenching 
effect. Therefore, NOx emissions and combustion 
chamber temperatures are reduced by rich 
mixtures. During heavy load conditions, 
compression and combustion pressures are high, 
and rich mixtures are used for more power. As a 
result, combustion temperatures are lower than 
would otherwise result from high combustion 
pressures during these conditions. Therefore, 
rich mixtures are used during heavy load 
conditions for more power as well as to reduce 
NO, emissions and prevent pre-ignition. 


Rich mixtures produce more hydrocarbon and 
carbon monoxide emissions. 


POWER FACTORS 


Now that we have introduced the different air/fuel 
mixtures, let’s relate them to the other factors that 
affect power. 


The amount of power depends on many factors. 
The factors that will be discussed in this course 
include: 


B Air/fuel ratio 

Bm Charge volume 
B Intake air density 
B Fuel distribution 


The other power factors that were introduced in 
previous Engine Performance courses include: 


m Compression pressure 
B Ignition spark timing 
B Ignition spark quality 
m Cylinder scavenging 


The following is a brief summary of the factors 
that were discussed in the previous courses. If 
you have difficulty recalling the information 
discussed in previous courses, you should re- 
read those courses. 
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Compression Pressures 


Compression pressures must be within 
specifications for specific pressure and uniformity 
between cylinders. 


LOW COMPRESSION PRESSURES 


Low compression pressures in all cylinders may 
cause one or more of the following driveability 
symptoms: 


B Lack of power 

B Excessive emissions 

B Stalling 

m Hard start/long crank 

B No start 

B Poor fuel economy 

HIGH COMPRESSION PRESSURES 


High compression pressures in all cylinders may 
cause: 


B Spark knock 
B Excessive emissions 


UNEVEN COMPRESSION PRESSURES 


Uneven compression pressures between 
cylinders may cause: 


B Engine to run rough 
B Engine misses 


In addition, symptoms listed for low or high 
compression in all cylinders may exist when one 
or more cylinders have abnormal compression 
pressures. 
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Ignition Spark Timing 


Ignition spark timing must be within 
specifications. Incorrect timing may cause one or 
more of the following driveability symptoms: 


B No start 

m Hard start/long crank 
ш Spark knock 

т Lack of power 

а Poor fuel economy 
m Excessive emissions 
в Induction backfire 

B Exhaust backfire 


Ignition Spark Quality 


Ignition spark must have sufficient intensity and 
duration. Weak spark in one or more cylinders 
may cause one or more of the following 
driveability symptoms: 


Bi No start 

B Hard start/long crank 
B Lack of power 

m Stalling 

B Hesitation 

m Stumble 

B Buck/jerk 

B Engine runs rough 
ш Engine misses 

B Poor fuel economy 
m Excessive emissions 


Cylinder Scavenging 


The exhaust gases must readily leave the 
combustion chamber before the next charge 
enters. Exhaust gases remaining in the cylinder 
reduce the amount of fresh charge than can 
enter. Poor cylinder scavenging may be caused 
by: 


B Improper exhaust backpressure 
B Valvetrain malfunction 


Poor cylinder scavenging may cause the 
following driveability symptoms: 


E Lack of power 
E Poor fuel economy 
B Engine runs rough 
B Engine misses 


CHARGE AND COMBUSTION 


Gasoline automobile engines are internal 
combustion engines. Internal combustion means 
that the engine obtains its power from expansion 
of gases caused by heat produced from burning 
an air/fuel mixture within the cylinders. The 
expansion of gases in a closed cylinder causes 
the piston to move. The air/fuel mixture may be 
called the charge. Therefore, cylinder filling may 
be called charging. 


Ignitable Charge 


The charge must be ignitable by the ignition 
spark. A charge that is too rich or too lean may 
not ignite. A charge that is too rich may not ignite 
because there is not enough oxygen to support 
combustion. This is the situation when an engine 
is “flooded”. A charge that is too lean may not 
ignite because there is not enough fuel to support 
combustion. 
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Flame Propagation 


The flame front travels outward from the point 
where the charge is first ignited, like the waves in 
a pool of water ripple outward after a rock is 
dropped in. The travel of the flame front is called 
flame propagation. Propagation means 
spreading. The flame spreads because burning 
molecules ignite nearby molecules, and those 
molecules ignite other nearby molecules, and so 
on. 


A charge that is too rich or too lean may not burn 
completely. A rich mixture stops burning when 
there is not enough oxygen to support 
combustion. So partially burned and unburned 
fuel will be in the exhaust gases. A lean mixture 
may stop burning if the fuel molecules are too far 
apart. As a result, the flame front does not spread 
completely through the combustion chamber, so 
un-burned and partially burned fuel will be in the 
exhaust gases. 


Inconsistent Combustion 


A charge that is too rich or too lean may not ignite 
reliably. In a series of compression strokes, some 
may ignite and others may not, even though the 
conditions may remain similar. The quality of 
combustion may vary for those compression 
strokes that did ignite. 


Results of Poor Combustion 


POWER 


Power is produced by the expansion of the 
charge from the burning process. Less power is 
produced from a stroke that has poor combustion 
because the gas pressure is lower. No power is 
produced from a stroke in which no combustion 
occurs. 


FUEL ECONOMY 


Fuel economy is reduced when a stroke results in 
no combustion or poor combustion. This is 
because the potential energy from the fuel is 
wasted. 


EXHAUST EMISSIONS 


Poor combustion produces exhaust gases 
containing large amounts of carbon monoxide 
and hydrocarbon. The catalytic converter is 
designed to react to a certain quantity of 
hydrocarbon in a given time, and an excessive 
amount at any one time will result in some of the 
hydrocarbon passing through the converter and 
into the atmosphere. Unburned fuel passing 
through the catalytic converter increases the 
temperature of the catalytic converter and 
damage may result if temperature is too high. 
Partially burned fuel charge causes carbon build- 
up in the combustion chamber and exhaust path. 
Large amounts of hydrocarbon in the exhaust 
gases may produce visible black smoke 
emissions from the tailpipe. 


This is the end of Lesson 1. Now view Lesson 1 on the video tape, and answer the Progress Check 


questions. 
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^ LESSON 1 — PROGRESS CHECK QUESTIONS 


1. Avery rich air/fuel mixture тау not ignite reliably because of which of the following: 
A. HC and CO are high 
B. Combustion chamber temperatures are low 
C. There is not enough oxygen to support combustion 
D. None of the above 


2. Technician A says an air/fuel ratio is measured in terms of mass. Technician B says an air/fuel ratio 
is stated in terms of pounds. Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 
D. Neither Technician 


3. Technician A says a stoichiometric air/fuel mixture is 17:1. Technician B says a 10:1 air/fuel mixture 
is very lean. Who is correct? 


A. Technician A 

m. B. Technician B 
C. Both Technicians 
D. Neither Technician 


4. Flame propagation is considered: 
A. Inconsistent combustion 
B. A flame that does not ignite reliably 
C. The travel of the flame front 
D. None of the above 
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LESSON 1 — PROGRESS CHECK ANSWERS 


1. Avery rich air/fuel mixture may not ignite reliably because of which of the following: 
A. HC and CO are high 
B. Combustion chamber temperatures are low 
(С) There is not enough oxygen to support combustion 
D. None of the above 


Combustion can only be supported when there is a proper balance of air and fuel. 


m 


Technician A says an air/fuel ratio is measured in terms of mass. Technician B says an air/fuel ratio 
is stated in terms of pounds. Who is correct? 


A. Technician A 

B. Technician B 

(С) Both Technicians 
D. Neither Technician 


An air/fuel ratio is stated in terms of pounds, which is a measure of mass. Mass is measured 
because air density varies with temperature and atmospheric pressure. 


3. Technician A says a stoichiometric air/fuel mixture is 17:1. Technician B says a 10:1 air/fuel mixture 
is very lean. Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 
(0) Neither Technician 


A stoichiometric air/fuel mixture contains approximately 14.7 parts of air per 1 part of fuel. At 10:1 
the air/fuel mixture is rich, 17:1 is lean. 


4. Flame propagation is considered: 
A. Inconsistent combustion 
B. A flame that does not ignite reliably 
(С) Тһе travel of the flame front 
D. None of the above 
Flame propagation is considered the travel of the flame front. The flame travels because burning 


molecules ignite nearby molecules. The flame continues to spread until the air/fuel mixture can no 
longer be consumed. 
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^ LESSON 1 — PROGRESS CHECK QUESTIONS (СОМТО.) 


5. Technician A says lean air/fuel mixtures burn very hot. Technician B says rich air/fuel mixtures burn 
hotter than lean air/fuel mixtures. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
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LESSON 1 — PROGRESS CHECK ANSWERS (CONT'D. ) 


5. Technician A says lean air/fuel mixtures burn very hot. Technician B says rich air/fuel mixtures burn 
hotter than lean air/fuel mixtures. Who is correct? 


(A) Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


Lean air/fuel mixtures burn very hot because of the high oxygen content. 
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D LESSON 2: RESULTS OF COMBUSTION 
| Where does this lesson fit into the Diagnostic Procedure? 
A The information in this lesson covers steps one, two and three of the 
Diagnostic Procedure. You need to know how the results of 
G за : 
combustion relate to air/fuel ratios іп а predictable way. Power, fuel 

N economy and exhaust emissions are each affeected in different ways 
0 by different air/fuel ratios and charge volumes. 

5 Objective: 

Т Using the information provided in this lesson you will be able to 

l identify the driveability symptoms commonly associated with the fuel 
С апа air intake/inlet systems. 

p 

R 

О 

С 6. Interpret 

Е Test Results 

D 

U 7. Isolate 

R 

Е 


. В. Repair 
the Problem 
9. Verify the 
Repair 
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The air/fuel ratio affects the results of combustion 
in a predictable way. Power, fuel economy and 
exhaust emissions have specific results from 
different air/fuel ratios and charge volumes. Other 
systems must interact to obtain the optimum 
results from combustion of a particular air/fuel 
ratio and charge volume. Therefore, ignition 
spark timing, EGR and secondary air must be 
adjusted accordingly. 


Power 


RICH AIR-FUEL VARIATION 


2- POWER CHANGE 


LEAN AIR-FUEL 
VARIATION 
(SAME VARIATION 
AS RICH) 


POWER 
CHANGE 


RICH < AIR-FUEL RATIO ~> LEAN 


Figure 2-1 — Power resulting from air/fuel ratios 


Power may be increased with a slightly rich 
mixture. This is because a richer mixture has 
faster flame speed. Yet, some of the extra 
potential energy will not be used (un-burned fuel). 
Power is reduced when the mixture is too rich. 
This is because the extra fuel quenches 
combustion. 


Power decreases as mixtures are made leaner. 
This is because there is less energy available. 
Also, the flame travels too slowly through the 
combustion chamber. 
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Fuel Economy 
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RICH =— AIR-FUEL RATIO = LEAN 


Figure 2-2 — Fuel economy result from air/fuel ratios 


Fuel economy may be increased with a lean 
mixture. Fuel economy is decreased when the 
mixture is too lean. This is because ignition 
becomes unreliable (many misfires). Fuel 
consumption increases as mixtures are made 
richer because more fuel is used than is needed 
for good combustion. Fuel consumption 
increases greatly as mixtures are made much 
richer. This is because the additional fuel 
smothers combustion. 
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Exhaust Emissions 


EXHAUST-GAS EMISSIONS 


AIR-FUEL RATIO 
Figure 2-4 — Relative effectiveness of catalytic 
converters due to air/fuel ratio 


Catalytic converters are most efficient in a very 
narrow range close to the stoichiometric ratio. 


1.1 
EXCESS-AIR FACTOR LAMBDA 


A - BEFORE CATALYTIC CONVERTER 
В - AFTER CATALYTIC CONVERTER 


Figure 2-3 — Exhaust emissions resulting from air/fuel 
ratios 


A stoichiometric air/fuel mixture produces the 
best compromise between hydrocarbon (HC), 
carbon monoxide (CO) and oxides of nitrogen 
(NOx). 


Rich air/fuel mixtures do not burn all of the fuel, 
so HC and CO emissions increase. Lean air/fuel 
mixtures may burn extremely hot, so NOx 
emissions increase. Extremely lean air/fuel 
mixtures misfire frequently, so HC emissions 
increase. 
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FLAME SPEED AND IGNITION 
SPARK TIMING 


Flame speed varies based upon two factors: 
B Air/fuel ratio 
B Fuel octane rating 


Flame Speed And Air/Fuel Ratio 


STOICHIOMETRIC 


Figure 2-5 — Molecule densities 


The flame travels more quickly through the 
combustion chamber when the air/fuel ratio is 
richer because the molecules are closer together. 
The flame travels slower when the air/fuel ratio is 
leaner because the molecules are further apart. 
Of course, when mixture is too rich, flame speed 
slows because it is quenched. 
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SPARK 
SPARK COMBUSTION 


о 10° ВТОС 
18° BTDC (RICH ENDS 23° ATDC 


Figure 2-6 — Ignition spark timing relationship to air/fuel 
ratio 


Since flame speed varies according to air/fuel 
ratio, ignition spark timing must be advanced for 
lean mixtures and retarded for rich mixtures. The 
spark must occur soon enough that combustion 
will be complete by the time the crankshaft 
reaches a position 23 degrees After Top Dead 
Center (ATDC). However, the spark must not 
occur so soon that combustion pressure starts to 
develop while the piston is still coming up on the 
compression stroke. 


Detonation may result if ignition spark timing is 
too far advanced. This is because the combined 
pressures from combustion and compression 
during the compression stroke raise the 
temperature of the charge. The charge will 
detonate when compression temperature 
reaches the flash point of the fuel. Detonation is 
unlike the normal progression of the flame front 
through the combustion chamber. Detonation 
produces a sound called spark knock which may 
vary from light “ping” to severe “knock.” 
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SPARK ADVANCE AND POWER DELIVERY 


ТОС 10° 20° 30° 40° 50° BTDC 


DEGREES OF SPARK ADVANCE BTDC 
ENGINE OPERATING AT CONTSANT RPM 
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Figure 2-7 — Typical ignition spark timing relationship 


to RPM and air/fuel ratio BTDC <—}—»> АТОС 
IGNITION ANGLE 

There is an ideal time for the ignition spark to 

occur for any given RPM and air/fuel ratio. · POINT Sa, THE PROPER SPARK TIMING IS ABOUT 

Accurate calculation of air/fuel ratio is necessary -30, OR 30 DEGREES BTDC 


to determine the correct time for the ignition 
spark. 


Figure 2-8 — Ignition spark timing relationship to 
combustion pressures (proper) 


Accurate ignition spark timing to match the air/ 
fuel mixture and RPM will produce the optimum 
pressure in the cylinder. See pressure curve “а” 
which shows the pressures that occur when 
ignition spark occurs at point "Sa". 


2-6 RESULTS OF COMBUSTION 


RESULTS OF COMBUSTION 


m 
E а 
à z 

КЕН | 
5 = 
> о 
2) 2 
z 7 
ш 5 
E Ф 
o o 
o ul 
е с 
ac a 
а 


BTDC <—}—> АТОС 


BTDC <—{—»> АТОС IGNITION ANGLE 


IGNITION ANGLE 


“ POINT Sb, THE ADVANCED TIMING IS ABOUT 45 


* POINT Sc, THE RETARDED TIMING IS ABOUT 10 
DEGREES BTDC 


DEGREES BTDC 


Figure 2-9 — Ignition spark timing relationship to Figure 2-10 — Ignition spark timing relationship to 
combustion pressures (advanced) combustion pressures (retarded) 

Ignition spark that occurs too early will cause Ignition spark that occurs too late will produce 
pressure to rise to the level where detonation less or no power. See pressure curve “c” which 
occurs. See pressure curve “b” which shows the shows the pressures that occur when ignition 
pressures that occur when ignition spark occurs spark occurs at point “Sc”. 

at point "Sb". 
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EXCESSIVE IGNITION SPARK TIMING 
ADVANCE | 


During Starting 


Figure 2-11 — Combustion pressure developing during 
compression stroke 


Hard starting or no start may result if ignition 
spark timing is too far advanced. This is because 
combustion pressure developing during the 
compression stroke will slow the cranking speed. 


During Engine Running 


| 


«SOUND WAVES 
/ FROM DETONATION 


Figure 2-12 — Detonation 


Detonation may result if ignition spark timing is 
too far advanced. This is because the combined 
pressures from combustion and compression 
during the compression stroke raise the 
temperature of the charge. The charge will 
detonate when compression temperature 
reaches the flash point of the fuel. Detonation is 
unlike the normal progression of the flame front 
through the combustion chamber. Detonation 
produces a sound called spark knock which may 
vary from light “ping” to severe “knock.” 


Pre-ignition occurs when hot surfaces in the 
combustion chamber ignite the air/fuel mixture 
before the ignition spark occurs. As with 
excessive ignition spark timing advance, the 
result is that combustion pressure develops while 
the piston is still coming up on the compression 
stroke. The combined pressures cause the 
charge to become hot enough to detonate. 
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EXCESSIVE IGNITION SPARK TIMING 
RETARD 


Retarded (late) ignition reduces the amount of 
time that the charge has available to burn and 
expand during the portion of the combustion 
stroke where power is produced. Therefore, less 
power is produced. The engine will not start if the 
ignition spark occurs too late. Retarded ignition 
may cause exhaust backfire because un-burned 
charge enters the exhaust system since 
combustion is not complete when the exhaust 
valve opens. 


Flame Speed and Fuel Octane Rating 


Octane rating affects flame speed detonation 
and pre-ignition. The flame front travels faster ina 
charge containing fuel with a low octane rating 
(example: 87 octane). The flame front travels 
slower in a charge containing fuel with a high 
octane rating (example: 93 octane). Also, fuel 
with a low octane rating is less resistant to 
ignition from heat. Therefore, pre-ignition may 
occur when using fuel with a low octane rating. 
Use of fuel with a higher octane rating may 
eliminate the spark knock symptom. However, if 
the pre-ignition condition is caused by an 
overheated engine or hot carbon deposits in the 
combustion chamber, the root cause still needs to 
be diagnosed and repaired. 


Vehicles are designed to operate on fuel of 
specific quality and octane rating. Operation of a 
vehicle on fuel with an octane rating or quality 
other than specified may result in driveability 
problems. Refer to the owners manual for specific 
fuel octane rating required. Quality of fuel may be 
checked by using the Rotunda Gas Check kit. 


KS SIGNAL 


KNOCKING 


Figure 2-13 — Knock sensor signals 


Ideally, ignition spark timing should be adjusted 
according to the octane rating of the fuel. Some 
engines are equipped with Knock Sensors (KS) 
which provide a signal to the Powertrain Control 
Module (PCM) when detonation occurs. The 
PCM retards ignition spark timing until detonation 
stops, and then begins advancing up to the 
original spark level for engine conditions. The 
PCM constantly fine tunes ignition spark timing to 
produce the most power without the risk of 
damage from detonation. Therefore, when the 
fuel octane rating is too low and detonation 
occurs, the spark timing is automatically retarded 
to prevent damage. 


The use of high octane fuel in a vehicle that does 
not have a knock sensor may result in reduced 
power. Carbon build-up and increased 
hydrocarbon and carbon monoxide emissions 
may occur because of slower flame speed. 


' This is the end of Lesson 2. Now view Lesson 2 on the video tape, and answer the Progress Check 


questions. - 
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LESSON 2 — PROGRESS CHECK QUESTIONS 


1. Technician A says rich air/fuel mixtures increase HC and CO emissions. Technician B says lean air/ 
fuel mixtures burn extremely hot, so HC and NOx emissions decrease. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


2. AKS signals the PCM when which of the following has occurred: 
A. Ignition spark timing has been adjusted 
B. Fuel octane rating has increased 
C. Combustion chamber temperature has decreased 
D. None of the above 
3. Technician A says detonation may occur if ignition spark timing is retarded excessively. Technician 


B says a hard or no start condition may result if ignition spark timing is too far advanced. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
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LESSON 2 — PROGRESS CHECK ANSWERS 


1. Technician A says rich air/fuel mixtures increase HC and CO emissions. Technician В says lean air/ 
fuel mixtures burn extremely hot, so HC and NOx emissions decrease. Who is correct? 


(A) Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
Because all the fuel does not burn as fuel mixtures are made richer, HC and CO emissions 
increase. Lean air/fuel mixtures can burn extremely hot and may misfire frequently which causes 
HC and NOx emissions to increase. 
2. A KS signals the PCM when which of the following has occurred: 
A. Ignition spark timing has been adjusted 
B. Fuel octane rating has increased 
C. Combustion chamber temperature has decreased 
(0) None of the above 


A knock sensor (KS) signals the PCM when detonation occurs. 


3. Technician A says detonation may occur if ignition spark timing is retarded excessively. Technician 
B says a hard or no start condition may result if ignition spark timing is too far advanced. Who is 
correct? 


A. Technician A 

(в) Тесһпісіап В 
С. Both Technicians 
D. Neither Technician 
A hard or no start condition may result if ignition spark timing is too far advanced. This is because 
combustion pressures developing during the compression stroke will slow the speed of the starter. 
Detonation may result if ignition spark timing is too far advanced. This is because the combined 


pressures from combustion and compression during the compression stroke raise the temperature 
of the charge. 
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LESSON 3: AIR/FUEL MIXING 


Where does this lesson fit into the Diagnostic Procedure? 


The information in this lesson covers steps one, two and three of the 
Diagnostic Procedure. It is necessary to know the process and effects 
of air/fuel mixing in order to relate driveability symptoms to conditions 
that occur when air/fuel mixing is abnormal. 


This lesson follows the lesson on air/fuel ratios because the 
uniformity of the air and fuel mixture affects the combustibility of a 
given air/fuel ratio. 


Objective: 
Using the information provided in this course you will be able to 


identify and describe the operation of the fuel and air intake/inlet 
systems and their components. 
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^. PURPOSE 


The engine, fuel system and air intake system are 
designed to break the liquid fuel into a vapor of 
fine fuel particles and mix it with the air. 


Liquid fuel must be broken into very small 
particles so that the fuel molecules can mix 
evenly with oxygen molecules for combustion. 
The fuel must be mixed evenly with all of the air in 
the combustion chamber so that the flame front 
travels at a uniform speed throughout the 
chamber. Any pockets of leaner or richer mixture 
will affect the flame speed and propagation. The 
flame may go out before it has traveled 
completely throughout the chamber. 


There are seven factors involved in the air/fuel 
mixing process: 


B Evaporation 

B Atomization 

m Vaporization 

в Swirl 

ш Condensation 
m Absorption ` 

B Fuel distribution 


Evaporation 


Liquid fuel will evaporate naturally. However, 
there is not enough time for this to happen 
naturally. For example, at 3,000 RPM, each 
cylinder receives a fresh charge 25 times each 
second. Therefore, the other factors are required 
to enhance air/fuel mixing. 
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Atomization 


FUEL INJECTOR 
SPRAY MIST 


NOZZLE 


Figure 3-1 — Fuel injectors produce atomized spray 
The fuel injector nozzle is designed to reduce the 
liquid to a very fine spray. The shape of the 
nozzle and the pressure of the fuel produce a fine 
mist that vaporizes more readily. 


Vaporization 


Figure 3-2 — Heat from intake path parts warms the air 


Vaporization is the process of turning atomized 
fuel particles into a gaseous state by means of 
heat. 


The intake air is heated to enhance vaporization. 
The warm intake manifold and cylinder head 
ports heat the air. The intake manifold may be 
warmed by engine coolant or exhaust gases 
flowing through passages in the casting. The 
intake air may also be heated to a minimum 
temperature by a shroud around the exhaust 
manifold. 
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AIR/FUEL MIXING 


Swirl The intake air is swirled to enhance vaporization. 
The path that the charge travels, after it passes 
the fuel injector, is designed to cause the air to 
swirl. The cylinder head, intake valve and 

INTAKE combustion chamber shapes determine how the 
(OPEN) | air is swirled оп its way into the cylinder and 


during the compression stroke. 


Condensation 
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Figure 3-4 — Fuel may condense and drop out of the 
mixture 

Condensation occurs when the vaporized fuel 
separates from the air. Some of the fuel particles 
may stick together or attach themselves to metal. 
Condensation, also called puddling, is especially 
likely with a cold engine and low RPM. Because 
of condensation, some of the fuel that was in the 
charge is no longer mixed with air and will not be 
available to be burned. However, the fuel will 
vaporize as the engine warms up or speeds up, 
then possibly causing a rich mixture. 
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Figure 3-3 — Swirl of air/fuel mixture 
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Absorption 


FUEL ABSORPTION 


CARBON 
BUILD-UP 


Figure 3-5 — Carbon on intake valves and ports may 
absorb fuel 

Absorption is another factor that defeats air/fuel 
mixing. Some of the fuel particles may be 
absorbed by carbon build-up on intake valves. 
Therefore, some of the fuel that was in the charge 
is no longer mixed with air and will not be 
available to be burned. However, the fuel will 
vaporize as the engine warms up or speeds up, 
then possibly causing a rich mixture. 
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Air Distribution 
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Figure 3-6 — Air distribution may vary with different 
intake paths 


The air flow may vary slightly between cylinders 
for many reasons. For instance, the distance that 
the air has to travel and the shape of the path that 
the air must follow may be different for each 
cylinder. In addition, the temperatures in the 
intake path to each cylinder may be different 
because individual intake runners may be 
exposed to different amounts of heat. 
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INTAKE AIR PREPARATION 


Intake air is prepared before it enters the 
cylinders. The preparation affects: 


B Cleanliness 
B Temperature 


Cleanliness 


PCV CLOSURE 
HOSE 


AIR CLEANER ASSY. 


MASS AIR 


FLOW SENSOR THROTTLE BODY 


AIR OUTLET 
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Figure 3-7 — Engine air cleaning 


The intake air is filtered to keep dirt from Any leaks in ductwork between the air cleaner 
blocking passages and causing friction wear on element and the throttle body may allow airborne 
moving parts. A pleated paper filter is used to dirt to enter the engine with the intake air. Dirt 
remove dirt and particles from the air which would may enter the engine crankcase or the intake air 
cause damage to the engine. The paper element if there is a leak from the Positive Crankcase 

is contained in the air cleaner housing, which is Ventilation (PCV) system closure hose or vapor 
designed and located to prevent the paper hose. Also, dirt may enter the air if a vacuum leak 
element from becoming wet. Wet paper may tear is present or the dipstick is unseated. 


during high air flow conditions, allowing dirt to 
enter the engine. 
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^^ Temperature 
The temperature of the intake air is important for 
two reasons: 
B Air density 
B Vaporization capability 
AIR DENSITY 


Air density decreases as temperature increases. 
Therefore, cooler air contains more oxygen in a 
given volume of charge than warmer air. 


VAPORIZATION CAPABILITY 


Hotter air helps air/fuel mixing because the fuel 
will vaporize faster. 


Intake Air Temperature Control 
Systems 


Optimum intake air temperature is warm enough 
for good fuel evaporation while not so hot that air 
density is reduced excessively. In order to adjust 
the temperature of the intake air, several systems 


are used: 
-— 
B Outside air intake 
B Heated air intake 
ш Heated intake manifold 
B Charge air cooler 
тъ. 
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Figure 3-8 — Fresh air inlet duct 

Fresh air intake provides the engine with ambient 
air. Air is carried through a duct from outside of 
the engine compartment. Air in the engine 
compartment gets hot. So the density of the air 
can be greatly affected by heat within the engine 
compartment. 
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Figure 3-9 — Typical heated air inlet duct 


Heated air intake allows the engine to receive air 
that has been warmed, which helps to vaporize 
the fuel. Heated air intake directs air from around 
the exhaust manifolds and into the air intake. The 
exhaust manifolds warm-up very quickly after the 
engine is started. This system functions in very 
cold weather and during engine warm-up. After 
the engine reaches normal operating 
temperature, air is drawn in through the normal 
inlet. 
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Figure 3-10 — Typical coolant heated intake manifold 


On some applications, coolant travels through 
passages to heat the intake manifold. Intake 
manifold temperature is directly affected by 
engine coolant temperature. 
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Figure 3-11 — Typical exhaust heated intake manifold 


Exhaust temperature increases faster than 
coolant temperature. Therefore, some engines 
use exhaust gases to heat the intake manifold 
during engine warm-up. A heat riser valve is used 
to direct exhaust gases across an intake manifold 
passage to the other exhaust manifold until the 
engine warms up. 


The heat riser valve is a plate similar to a throttle 
plate. The valve is located in the outlet of the 
exhaust manifold. The heat riser valve is 
operated by a vacuum diaphragm. The vacuum is 
controlled by a thermostatic switch or a solenoid 
valve controlled by the PCM. 
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Figure 3-12 — Path of exhaust gases through intake 
manifold heating passages on V-type engines 


In some V-type engines, the heat riser valve is 
located on one exhaust manifold. The closed 
heat riser valve causes the exhaust gases from 
that bank to travel through the passages in the 
intake manifold and exit into the exhaust manifold 
on the other bank. 
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, e~ CHARGE AIR COOLER 


ap = COOL AIR 

===> = HOT AIR 
Figure 3-13 — Typical charge air cooler system 
A charge air cooler may be used with forced Warming the air reduces its density. Passing the 

“induction systems such as turbocharging and air through the heat exchanger after it has been 

supercharging. A charge air cooler is an air to air through the forced induction device removes 
heat exchanger. Air gets warmer when it is much of the unwanted heat that was generated. 
compressed by the forced induction device. Therefore, air density is increased. 
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_~ LESSON 3 — PROGRESS CHECK QUESTIONS - 


1. Technician A says fuel atomization occurs only when intake air is swirled. Technician B says fuel is 
atomized to promote vaporization. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


2. Technician A says condensation occurs when the fuel separates from the air. Technician B says 
condensation is more likely to occur when the engine is cold and at low RPM. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
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LESSON 3 — PROGRESS CHECK ANSWERS 


Technician A says fuel atomization occurs only when intake air is swirled. Technician B says fuel is 
atomized to promote vaporization. Who is correct? 


A. Technician A 


(в) Тесһпісіап В 


m 


C. Both Technicians 
D. Neither Technician 
Liquid fuel must be broken into very small particles so that fuel molecules are mixed with oxygen 


molecules for combustion. The fuel injector is designed to reduce the liquid to a very fine spray. The 
shape of the nozzle and the pressure of the fuel produce a fine mist that vaporizes more readily. 


Technician A says condensation occurs when the fuel separates from the air. Technician B says 
condensation is more likely to occur when the engine is cold and at low RPM. Who is correct? 


A. Technician A 
B. Technician B 


(С) Both Technicians 


D. Neither Technician 


Because slow air movement and cold intake air inhibit air/fuel mixing and evaporation, fuel particles 
may separate from the air and stick together or attach themselves to the surrounding surfaces. 


AIR/FUEL MIXING 


— 


CYLINDER CHARGING 


FUEL AND AIR SYSTEM 
THEORY AND OPERATION 


CYLINDER CHARGING 


D LESSON 4: CYLINDER CHARGING 
| Where does this lesson fit in the Diagnostic Procedure? 
A The information in this lesson covers steps one, two, three and four of 
G the Diagnostic Procedure. It is necessary to know how different 
N engine designs and induction systems affect cylinder charging. 
0 Objective: 
S Using the information provided in this lesson you will be able to 
T identify and describe the operation of the fuel and air intake/inlet 
i systems and their components. 
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CYLINDER CHARGING 


Differences in engine designs affect cylinder 
charging. Engine design varies depending upon 
the intended torque, fuel consumption and 
exhaust emissions during selected RPM and load 
conditions. That is one reason why Manifold 
Absolute Pressure (MAP) is not the same for 
different engines at the same RPM and load. 


Cylinder Charging Factors 


Five factors determine the amount of charge that 
will enter the cylinders: 


B Throttle opening 

B Intake manifold pressure 
ш Volumetric efficiency 

E Intake resonance 

B Cylinder scavenging 


Throttle Opening 


The throttle valve regulates the amount of air that 
enters the engine intake. More air can flow 
through the throttle valve when it is opened wider. 


Intake Manifold Pressure 


The air pressure in the intake manifold affects the 
amount of charge that can enter the cylinders. 
Lower pressure provides less force to push the 
charge into the cylinders, so a smaller quantity 
can enter. For a given engine speed, manifold 
pressure is lower with a smaller throttle opening. 
For a given throttle opening, manifold pressure is 
lower with a higher engine speed. This is 
because manifold pressure is lower when the 
engine can draw more air than can flow through 
the throttle valve. Higher manifold pressure 
occurs when the throttle is opened more. 
Therefore, manifold pressure is an indicator of 
engine load. (Throughout this lesson, manifold 
pressure will be expressed in terms of Manifold 
Absolute Pressure, rather than Vacuum and 
Pressure.) 
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Volumetric Efficiency 


Volumetric efficiency refers to the actual cylinder 
filling as applied to theoretical cylinder filling. 
There are some restrictions in the design of 
engines that affect the volumetric efficiency of the 
engine. For example, at 3,000 RPM, the cylinder 
may fill to 80% of capacity. Volumetric efficiency 
generally decreases as RPM increases. For 
example, the same engine at 4,000 RPM may fill 
to 70% of capacity. This is because the capacity 
of the intake and exhaust paths provides a 
restriction. Also, the shapes of the intake and 
exhaust paths have an effect on how freely the air 
flows. The valve guides may encroach upon the 
shape and size of the intake and/or exhaust ports 
in some engines. 
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Intake Air Resonance 
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Figure 4-1 — Intake air resonance 


Resonance in the intake runners affects 
volumetric efficiency. Resonance refers to the 
way moving air stops and bounces back when the 
intake valve closes. 
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Figure 4-2 — Torque to intake runner length relationship 


Intake manifold runners are designed to use 
resonance to effectively ram air into the cylinders. 
Long intake manifold runners tend to improve low 
speed torque because a long column of air 
bounces back less when the intake valve closes 
at low speeds. Short intake runners tend to 
increase torque at high RPM because the shorter 
column moves more quickly into the combustion 
chamber when the intake valve opens. Intake 
manifolds are designed to provide a balance 
between low speed and high speed torque. Some 
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high performance engines have systems to 
effectively shorten the intake runners during high 
RPM operation. 


Cylinder Scavenging 


Cylinder scavenging is the process by which 
spent exhaust gases are removed from the 
cylinder prior to the arrival of fresh air and fuel. 
This is important because leftover exhaust in the 
combustion chamber can rob the engine of 
power. 


The size and shape of the exhaust path is a 
factor in volumetric efficiency. This is because the 
exhaust gases must flow from the cylinder at a 
particular rate. If exhaust gases leave too quickly, 
fresh charge will be drawn into the exhaust. If 
exhaust gases leave too slowly, too much inert 
gases stay in the cylinder. The inertia of the 
gases in the exhaust system tend to draw the 
exhaust gases out of the cylinders. The design of 
the exhaust runners can use inertia to effectively 
scavenge the cylinders. Since the intake valve 
opens before the exhaust valve closes, cylinder 
scavenging can also assist in drawing a fresh 
charge into the cylinder. 


Backpressure in the exhaust system reduces 
cylinder scavenging. High backpressure causes 
some exhaust gases to remain in the combustion 
chamber. Exhaust gases in the combustion 
chamber displace some of the fresh charge, so 
less power is produced. Combustion 
temperatures and pressures are reduced, which 
may be desirable in some conditions to prevent 
spark knock and formation of NOx. 
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CYLINDER CHARGING METHODS 


Air induction is achieved in engines in these 
ways: 


ш Naturally aspirated (NA) 
ш Forced induction 


Naturally Aspirated 


Naturally Aspirated (NA) means that atmospheric 
pressure is the only force pushing the charge into 
the cylinder. This is the method of cylinder 
charging for almost all automotive engines. 
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Forced Induction 


Forced induction is generally used only for high 
performance automobiles in applications where 
larger engines are not desirable. Forced induction 
means that mechanical devices are used to force 
more charge into the cylinders than could enter 
by atmospheric pressure alone. The amount of 
pressure provided by the forced induction system 
is called boost pressure. Forced induction can 
compensate for restrictions in the intake path and 
increase volumetric efficiency to over 100%. 
Therefore, forced induction increases power 
when a proportional amount of fuel is added. 


Protective systems are used with forced induction 
to prevent cylinder pressures from getting high 
enough to cause detonation. The Powertrain 
Control Module (PCM) is programmed to use 
specific air/fuel mixtures and ignition timing when 
boost pressures increase. Knock sensors are 
often used with forced induction. Waste gates are 
used to vent excess boost pressure in some 
forced induction applications. 


Forced induction is used to produce more power 
from a given cylinder displacement. 


Forced induction systems may be one of two 
types: 


в Turbocharged 
B Supercharged 


T 
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Figure 4-3 — Turbocharger 
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Figure 4-4 — Turbocharger operation 
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A turbocharger produces extra power while 
consuming minimal power. A turbocharger has an 
impeller which pumps more air into the intake. 
The impeller is mounted to a shaft that has a 
turbine wheel on the other end of the shaft. The 
turbine wheel is in a separate chamber which 
exhaust gases flow through under pressure. As 
the volume of exhaust gases increase, the 
turbine wheel spins faster which causes the 
impeller to spin faster and pump more air. The 
exhaust system is designed so that the 
turbocharger does not create excessive exhaust 
backpressure. Exhaust backpressure reduces the 
flow of exhaust gases, so exhaust backpressure 
reduces turbine speed. 
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^9. Turbochargers are most effective at high RPM. 

. This is because the turbocharger takes high 
exhaust volume, which occurs at high RPM, and 
pumps more air which is needed at high RPM. 
The turbocharger produces little volume when 
exhaust volumes are low, so the amount of boost 
is low at low RPM. It takes a moment for the 
turbine speed to increase when exhaust volume 
increases. Therefore, there is a lag between the 
time the accelerator is pushed and the time boost 
begins to increase. The lag may be more 
noticeable in some engine designs than others. 
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Figure 4-5 — Supercharger operation 


A supercharger produces extra power at the 
expense of some power required to drive it. A 
supercharger pumps air with two rotors driven by 
a belt from the engine crankshaft. The pulley 
ratios are selected to cause the supercharger to 
turn much faster than engine RPM. For example, 
7,800 rotor RPM may be produced from only 
3,000 crankshaft RPM. Therefore, extra boost is 
provided at all engine RPM. 


Figure 4-6 — Supercharger 
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^ VALVETRAIN CONFIGURATIONS 


Two basic designs of valvetrains are used: 
E Overhead valves 
B Overhead camshaft 
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Figure 4-7 — Overhead valve and overhead camshaft valvetrains 


Overhead Valves 


Overhead valves means that the valves are 
located at the top of the combustion chamber in 
the cylinder head. This name was adopted to 
distinguish from designs in which the valves are 
located in the engine block next to the cylinders. 
Since there are no current automotive engines 
that use valve in block designs, the term 
“overhead valves” is now used to distinguish the 
location of the camshaft. Therefore, overhead 
valves now means that the camshaft is located in 
the engine block above the crankshaft. 


Pushrods transfer the motion from the camshaft 
to the rocker arms which actuate the valves. 
Pushrods are relatively heavy and operate ina 
reciprocating motion. So at high RPM they tend to 
remain at the limit of their travel. This causes the 
valves to remain open longer and requires strong 
valve springs to close the valves. Engines that 
are intended to run at high RPM require stronger 
valve springs to close the valves. 
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Overhead Camshaft 


Overhead Camshaft (OHC) means that the 
camshaft is located at the top of the cylinder 
head. The overhead camshaft actuates the 
valves with very short levers called valve 
followers. More automobile engines are being 
designed with overhead camshafts because the 
valves close more rapidly at high RPM. This is 
because there is less inertia from the 
components of the valvetrain. The valvetrain has 
less mass because pushrods are not required. 
Overhead camshaft designs allow greater 
flexibility in positioning the valves to optimize the 
shape of the combustion chamber and valve 
ports. 
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CYLINDER CHARGING 


In-Head Camshaft FOUR-VALVE CYLINDER HEADS 


In-Head Camshaft means that the camshaft is 
located in the cylinder head casting. This design 
is similar to the OHC in that it does not use 
pushrods and the camshaft is located above the 
cylinder block. The in-head camshaft utilizes 
hydraulic lifters and rocker arms to operate the 
valves. The valves in this design are positioned in 
the cylinder head to allow the spark plug to be 
centrally located in the combustion chamber. 


RETURN 


SPRING 


VALVE 


Figure 4-8 — Four-valve cylinder head 


Some high performance engines are designed 
with two intake and two exhaust valves per 
cylinder. This design allows greater air flow. At 
high RPM, two small valves can flow more air 
than one large valve. Also, like pushrods, large 
valves tend to stay at the extreme of their travel at 
high RPM and require stronger return springs. 
Thus, two smaller valves with “inherent” smaller 
springs provide better air flow control at high 
RPM. 
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CYLINDER CHARGING 


WITH SECONDARY INTAKE PORT CLOSED WITH SECONDARY INTAKE PORT OPERATING 


SECONDARY 


PRIMARY 
INTAKE 
VALVE 


^. Figure 4-9 — Air flow with and without second intake port operating 


The camshaft may be designed so that one of the 
valves (called the secondary valve) opens and 
closes slightly later than the other (primary) valve. 
This causes additional swirling in the combustion 
chamber for better air/fuel mixing. 


Some four-valve designs use a device to prevent 
air flow to the secondary intake valves at low 
RPM. As with intake manifolds, air flow capacity 
that is too great can cause poor swirling at low air 
flows because the air velocity is lower. 


This is the end of Lesson 4. Now view Lesson 4 on the video tape, and answer the Progress Check 
questions. 
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^. LESSON 4 — PROGRESS CHECK QUESTIONS 


— 


Technician A says resonance in the intake is a determining factor in the amount of charge that 
enters a cylinder. Technician B says intake manifold pressure is a determining factor in the amount 
of charge that enters a cylinder. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


m 


Technician A says for a given engine speed, manifold pressure is higher for a smaller throttle 
opening. Technician B says for a given throttle opening, manifold pressure is lower with a higher 
engine speed. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


e 


Technician A says backpressure in the exhaust system reduces cylinder scavenging. Technician B 


f says cylinder scavenging can assist in drawing a fresh charge into the cylinder. Who is correct? 
A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
~ 


CYLINDER CHARGING 4-13 


hes 


CYLINDER CHARGING 


LESSON 4 — PROGRESS CHECK ANSWERS 
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Technician A says resonance in the intake is a determining factor in the amount of charge that 
enters a cylinder. Technician B says intake manifold pressure is a determining factor in the amount 


_ of charge that enters a cylinder. Who is correct? 


A. Technician A 

B. Technician B 
(С) Both Technicians 
D. Neither Technician 


Intake runners are designed to use resonance to effectively ram air into a cylinder. Whereas, 
manifold pressure provides the force to push a charge into a cylinder. 


Technician A says for a given engine speed, manifold pressure is higher for a smaller throttle 
opening. Technician B says for a given throttle opening, manifold pressure is lower with a higher 
engine speed. Who is correct? 


A. Technician A 
(в) Тесһпісіап В 

С. Both Technicians 
D. Neither Technician 


Manifold pressure is lower when the engine can draw more air than can flow through the throttle 
valve. l 


Technician A says backpressure in the exhaust system reduces cylinder scavenging. Technician B 
says cylinder scavenging can assist in drawing a fresh charge into the cylinder. Who is correct? 


A. Technician A 
B. Technician B 
(С) Both Technicians 
D. Neither Technician 
The inertia of the gases in the exhaust system tends to draw the exhaust gases out of the cylinder. 


High backpressure causes some exhaust gases to remain in the combustion chamber and displace 
some of the fresh charge. 
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D LESSON 5: INTAKE AIR METERING 
| Where does this lesson fit in the Diagnostic Procedure? 
A This lesson covers steps one through four of the Diagnostic 
G Procedure. This information is necessary to understand how different 
N systems meter the air entering the engine. 
Because the amount of air is directly related to the amount of power, 
О this information will бе а foundation block for your ability to diagnose 
5 driveability symptoms related to air volume and air/fuel ratio. You will 
T learn about systems that are used to improve cylinder charging on 
| high performance engines in Ford products. 
С Objective: 
Using the information provided in this course you will be able to 
identify and describe the operation of the fuel and air intake/inlet 
p systems and their components. 
R 
0 
С 6. Interpret 
E Test Results 
D 
U 7. Isolate 
R Root Cause 
E 


8. Repair 
the Problem 


29. Verify the 
| Repair 
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INTAKE AIR METERING 


These two valves are used in the intake air path 
to meter the air: | 


m Throttle valve 
m Idle Air Control (АС) valve 


Throttle Valve 


THROTTLE 
VALVE 


Figure 5-1 — Typice! throttle valve 


The throttle valve controls the volume of air 
entering the intake manifcld. It is directly 
controlled by the driver's actuation of the 
accelerator pedal. Either way, the throttle is 
operated mechanically by a cable and return 
springs. The throttle is opened more to allow 
more air to flow into the engine when more power 
is demanded by the driver. 


INTAKE AIR METERING 


INTAKE AIR METERING 


WARNING 
DO NOT 
ADJUST 
THIS SCREW 


Figure 5-2 — Throttle return adjusting screw 


ІМТАКЕ ДІН МЕТЕНІМС 


Idle Air Control Valve . 


SOLENOID VALVE BODY 


INLET OUTLET 
(ATMOSPHERE) (MANIFOLD VACUUM) 


Figure 5-3 — IAC valve operation 


The Idle Air Control (IAC) valve provides a path 
for air to travel when the throttle is closed. During 
idle when only a very small amount of air is 
required, this valve provides more accurate 
control of the air flow than could be achieved by 
opening the throttle very slightly. 


The IAC valve is a solenoid type actuator 


operated by the PCM. Longer duty cycles keep · 


the valve open a larger proportion of time which 
increases air flow. 
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BYPASS AIR 
PASSAGE 


Figure 5-4 — Thermowax operated valve 


Some vehicles use a combination mechanical 
and solenoid system. 


A thermowax operated mechanical valve and a 
solenoid valve allow air to flow during starting and 
warm-up. When coolant temperature rises, the 
thermowax expands and mechanically moves the 
valve toward the closed position. When coolant 
temperature increases to normal, the mechanical 
valve is closed and the air flows through the 
solenoid valve only. The solenoid valve operates 
similar to the system that uses only a solenoid 
valve for all temperature conditions. 
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HIGH PERFORMANCE INTAKE AIR 
CONTROL SYSTEMS 


Automatic air control systems are used on some 
high performance engines sold by Ford. The 
purpose of these systems is either: 


m Resonance control 
ш Volume control 


Resonance Control Systems 


Resonance control systems change the effective 
length of the intake manifold runners depending 
upon RPM. These systems are designed to 
optimize the ram effect caused by resonance in 
the intake manifold runners. 


ш Intake Air Control system 

B High-Speed Inlet Air (HSIA) control system 

ш Variable Resonance Induction System (VRIS) 
INTAKE AIR CONTROL 


UPPER INTAKE 
MANIFOLD AND 
THROTTLE BODY 
ASSEMBLY 


5 — 
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Figure 5-5 — Intake air control 


Two sets of intake runners are provided, one 
short and one long for each cylinder. At high 
RPM, shutter valve plates open in each of the 
short runners, so air is drawn through both 
runners. The short runners provide greater 
ramming effect to force more air into the 
cylinders. 
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HIGH SPEED INLET AIR CONTROL 


VACUUM 


RESERVOIR SHUTTER VALVE 


ACTUATOR 


SHUTTER VALVE 


SIA 


H 
SOLENOID 


LOW RPM HIGH RPM 


SHUTTER VALVE CLOSED SHUTTER VALVE OPEN 


Figure 5-6 — HSIA control 


The intake runner for each cylinder is divided into 
two sections. Each runner has a shutter plate that at 
low speed closes to prevent air flow through the 
shorter path of the intake runner. The valve plates 
are controlled by a diaphragm actuator. At high 
RPM, the HSIA solenoid vents vacuum to the 
diaphragm actuator and the shutter valve opens. Air 
then also flows through the shorter section of the 
intake runner for additional power at high RPM. 
While it is obvious that more air can flow with the 
shutter plates open, the additional air is only part of 
the reason that power is increased. The shorter 
path for air provides a greater ramming effect to the 
air at high RPM, which forces more air into the 
cylinder. The ramming effect is the primary reason 
for this system. 
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VARIABLE RESONANCE INDUCTION 
SYSTEM 


VRIS VALVE #1 THROTTLE 
VALVE 


VRIS VALVE #1 VRIS VALVE #2 


VRIS VALVE #2 


/ 
ACTUATOR 
FOR VRIS 
ACTUATOR VALVE #1 
FOR VRIS 

VALVE #2 


TORQUE CHARACTERISTICS 


NOS. 1 AND 2 CLOSED 
------- NO. 1 OPEN, МО. 2 CLOSED 
NOS. 1 AND 2 OPEN 


TORQUE 


4,250 6,250 
ENGINE SPEED (RPM) 


Figure 5-7 — VRIS 
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On the Variable Resonance Induction System 
(VRIS), two shutter valves are operated 
according to engine RPM and throttle opening. 


BW Below about 3,000 RPM, shutter valves аге 
closed and the air travels through the full 
length of the intake runners. 


в Above about 3,000 RPM, the first shutter valve 
(VRIS-1) opens to allow the air to travel a 
shorter (medium) distance to the cylinders. 


B Above about 4,000 RPM, a dual-plate shutter 
valve (VRIS-2) opens also, which allows the air 
to travel a much shorter distance to the 

cylinders. 


B Contrary to what you would think, above about 
6,000 RPM the shutter valves close again. In 
this engine, the ramming effect of the intake 
runners at very high RPM is best with a long 
intake path. 


INTAKE AIR METERING 


————————————————————————————————————————————————————————————————————————————————————————————— 


Volume Control System 


This system controls air flow to the secondary 
intake valves on a 4-valves per cylinder engine. 


INTAKE MANIFOLD RUNNER CONTROL 


INTAKE 
MANIFOLD 


IMRC 
PLATES 


ACTUATORS 


Figure 5-8 — IMRC 


At low RPM, Intake Manifold Runner Control 
(IMRC) prohibits air from flowing through the 
intake manifold runners to the secondary intake 
valve in each cylinder. This is done with a set of 
plates in the intake manifold that function like 
throttle plates. There are two vacuum diaphragm 
actuators, each one controls the set of plates for 
one bank of cylinders. The PCM signals the 
IMRC solenoid to vent the actuators at high RPM, 
and the spring loaded plates will open. 


This is the end of Lesson 5. Now view Lesson 5 on the video tape, and answer the Progress Check 


questions. 
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INTAKE AIR METERING | 


^ LESSON 5 — PROGRESS CHECK QUESTIONS 


1. Technician A says the throttle return adjusting screw is used as a fine adjustment for idle speed. 
Technician B says idle speed is PCM controlled. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


2. ThelAC valve responds to changes in which of the following: 
A. Oxygen sensor signal 
B. Intake air resonance 
C. Shutter Valve operation 
D. None of the above 
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INTAKE AIR METERING 


LESSON 5 — PROGRESS CHECK ANSWERS 


1. Technician A says the throttle return adjusting screw is used as a fine adjustment for idle speed. 
Technician B says idle speed is PCM controlled. Who is correct? 


A. Technician A 
(В) Тесһпісіап В 
С. Both Technicians 
D. Neither Technician 
The PCM adjusts idle speed based upon sensor input received under various engine operating 


conditions. The throttle return adjustment screw is only used to set the throttle plate at the minimum 
idle air flow position (on some models this is not adjustable). 


m 


The IAC valve responds to changes in which of the following: 
A. Oxygen sensor signal 
B. Intake air resonance 
C. Shutter Valve operation 
(0) None of the above 


The IAC valve responds to changes in the engine coolant temperature throughout the modes of 
engine operation. 
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LESSON 6: FUEL DELIVERY SYSTEM 


Where does this lesson fit in the Diagnostic Procedure? 


This lesson covers steps one through four of the Diagnostic 
Procedure. This information is necessary to understand how fuel gets 
to the cylinders. You will learn the path of the fuel beginning with the 
filler cap and neck. 


The components and their functions are described in the order in 
which the fuel travels on its way to the cylinders. This information is a 
foundation block of the knowledge you need to diagnose driveability 
symptoms related to improper air/fuel mixture and lack of fuel 
delivery. 


Objective: 
Using the information provided in this lesson you will be able to 


identify and describe the operation of the fuel and air intake/inlet 
systems and their components. 
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FUEL DELIVERY SYSTEM 


FUEL DELIVERY SYSTEM PURPOSE 


The fuel delivery system carries liquid fuel from 
the tank to the fuel injectors. The fuel delivery 
system has these purposes: 


ш Filter the fuel to keep dirt out of fuel system 


B Provide constant pressure to spray the fuel 
through the injectors at the proper pressure 
and volume 


ш Prevent liquid fuel flow in an accident 


FUEL DELIVERY SYSTEM 
COMPONENTS 


The fuel delivery system consists of the following 
components: 


в Fuel filler cap 

B Fuel tank filler neck 

B Fuel tank 

B Fuel pump assembly 

B Fuel filters 

B Fuel supply hoses and lines 
ш Fuel manifold (fuel rail) 

B Fuel injectors 

B Fuel pressure regulator 

B Fuel pressure relief valve 

B Fuel pressure pulse dampner 
в Fuel return hoses and lines 


Fuel is pumped from the tank through hoses and 
lines to the fuel manifold. The fuel manifold 
distributes the fuel to the injectors. A pressure 
regulator maintains a constant pressure of fuel 
supply at the injectors on some vehicles. Fuel 
pressure may be tested or relieved by the 
technician at the fuel pressure relief valve. Any 
excess fuel that passes through the regulator to 
relieve pressure returns to the tank through 
hoses and lines. 


FUEL DELIVERY SYSTEM 


Fuel Filler Cap 


SEAL 
(FILLER PIPE) 


SPRING — 
VACUUM 


SEAL RELIEF 


(VACUUM) 


SEAL 
(PRESSURE) 


PRESSURE SPRING 
RELIEF 


Figure 6-1 — Fuel filler cap with pressure/vacuum relief 
valve 


The fuel filler cap is designed to prevent liquid 
fuel from leaking during the following modes: 
m Roll-over accidents 

B Cornering Bumps 

B Un-level grades 

B Acceleration 

B Deceleration 


The fuel filler cap includes a pressure/vacuum 
relief valve. The valve has two purposes: 


ш Relieve pressure to vent fuel vapors if the 
pressure in the tank gets too high 


B Relieve vacuum to allow air to enter the tank to 
fill the space as fuel is used or as fuel contracts 
when temperature decreases 
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FUEL DELIVERY SYSTEM 


Fuel Tank Filler Neck The fuel tank is designed to keep the fuel pickup 
covered with fuel during the following conditions: 


B Low fuel level 
ANTISIPHON B Cornering Bumps 
ms FUEL FILLER TUBE ш Un-level grades 
Bi Acceleration 
а Deceleration 


Baffles are molded or welded into the tank for 
this purpose, and to prevent the noise of fuel 
sloshing. The tank is designed so that there is 10 
to 1296 air space at the top to allow for fuel 
expansion. 


Fuel Pump Assembly 


Figure 6-2 — Fuel tank filler neck with anti-siphon valve 


The fuel tank filler neck is designed to fit only the FUEL PUMP 
nozzle for unleaded gasoline. It also vents air that 
is displaced during refueling to prevent fuel from ap 


splashing back out of the tank. Some filler necks 
are designed so that a siphon hose cannot be 
used. 


Fuel Tank 


Figure 6-4 — Typical fuel pump assembly 


FILLER The fuel pump assembly is immersed in the fuel 
NECK tank. It contains the following components: 


B Fuel pickup filter screen 
B Pump filter screen 

B Pump inlét check valve 
B Pump outlet check valve 


B Electric fuel pump 


Figure 6-3 — Typical fuel tank 
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FUEL DELIVERY SYSTEM 


^ FUEL PICKUP AND PUMP FILTER 
SCREENS 


The fuel pickup filter screen and pump filter 
screen block particles that could damage the 
pump or plug the fuel lines. 


PUMP INLET CHECK VALVE 


The pump inlet check valve prevents fuel from 
draining out of the pump and back into the tank 
when it is not running. This is so that the pump 
will begin pumping at normal pressure 
immediately when it is turned on. 


FUEL DELIVERY SYSTEM 


PUMP OUTLET CHECK VALVE 


The outlet check valve may also be called the 
discharge check valve. The pump outlet check 
valve prevents fuel from draining out of the fuel 
lines and back into the tank while the engine is 
off. 


This helps to provide fuel at normal pressure 
immediately to the fuel injectors during starting. 
Keeping the fuel under pressure also helps 
prevent the fuel from evaporating in the lines in 
the engine compartment while the engine is off. 
Without pressure, the fuel could boil from the heat 
in the engine compartment or in hot weather. Fuel 
must be in a liquid state when it is sprayed from 
the injectors to deliver the proper pressure and 
volume. 
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FUEL DELIVERY SYSTEM 


ELECTRIC FUEL PUMP 


The fuel pump is capable of pumping more than 


enough fuel to supply the injectors during 
maximum fuel consumption conditions. Fuel l FUSE 
pump capacity is generally 1 pint per 10 seconds : НАЕМ 
at a pressure of approximately 39 psi. The 
volume and normal pressure vary by engine. 
Refer to specifications in the service and 
Powertrain Control/Emissions Diagnosis (PCED) 
manuals for specific vehicles. 


IGN-START/ 
RUN 


Figure 6-5 — Typical fuel pump electrical circuit 
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Тһе fuel pump is actuated by the PCM through a 
relay. It runs for a second as soon as the key is 
turned on to ensure that the fuel lines are full and 
at normal pressure. The fuel pump runs at all 
times when the engine is cranking or running. 
The PCM monitors the engine PIP signal and 
opens the circuit to the fuel pump if the engine 
stops running. The purpose of this strategy is to 
prevent leaking of fuel from ruptured lines in an 
accident. The fuel pump also stops when the key 
is turned off. 


TARGET 
PLATE 


ELECTRICAL 
CONTACTS 


SWITCH 
TERMINALS 


Figure 6-6 — Inertia fuel shut-off switch 


The fuel pump circuit contains an Inertia Fuel 
Shut-off (IFS) switch. The IFS switch opens the 
circuit to the fuel pump when the vehicle 
experiences a sharp impact. Impact causes a 
steel ball to push the target plate which opens the 
switch contacts. 
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FUEL DELIVERY SYSTEM 


RESET LEVER 
POSITION FOR 
OPEN SWITCH 


CLOSED 
SWITCH 


The purpose of this switch is to prevent fuel from 
being pumped from ruptured lines in an accident. 
It is possible for this switch to open from a severe 
motion other than an accident, such as a severe 
bump. Some vehicles have a warning light on the 
instrument panel to alert the driver when the 
switch is open and must be reset. The switch is 
easily accessible and is reset by pushing the 
button on the top of it. Refer to owner's and 
service manual for location of IFS switch reset 
button. 


FUEL DELIVERY SYSTEM 


FUEL PUMP 
SWITCH 


Figure 6-7 — Fuel pump switch in volume air flow 
sensor assembly 


Some systems use a Switch in a Volume Air Flow 
(VAF) sensor assembly to detect whether the 
engine is running. The fuel pump is shut off if the 
vane has been in a no air flow position for a 
specified number of seconds. This system is 
used to prevent fuel from being pumped from 
ruptured lines in an accident. This is because the 
engine would stop running in many accidents. 
This switch is normally open; during cranking the 
fuel pump circuit is activated by the ignition 
switch. 


Fuel Filters 


The fuel must pass through filters in the fuel 
system: 


B Fuel pickup screen which is part of the fuel Figure 6-8 — Typical in-line fuel filters 
delivery assembly 
m Fuel pump screen which is part of the fuel Only the in-line fuel filter is a regular maintenance 
delivery assembly (some applications) part. It traps the particles that are normally found 
Bi In-line fuel filter in fuel and fuel systems. The fuel injector inlet 


screen protects the fuel injector from particles 
that enter the fuel system downstream from the 
in-line fuel filter. Attention to cleanliness is critical 
when changing the in-line fuel filter and servicing 
fuel system components. You must prevent 
material from entering the fuel system which 
could block the fuel injector screen. 


B Fuel injector inlet screen in each fuel injector 
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Fuel Supply Hoses and Lines Fuel Manifold (Fuel Rail) 


FUEL RAIL CONNECTOR 


SCHRAEDER VALVE 


LEFT FUEL RAIL 


RIGHT FUEL RAIL 


Figure 6-9 — Hose compatible with fuel liquid and vapor 


ifi j i FUEL PRESSURE 
Specific pressure rated hose and line materials REGULATOR 
are used to resist deterioration caused by 

exposure to the following: 


B Fuel Road splash 

B Extreme high temperatures 

B Extreme low temperature 

B Flexing from normal component movement 


Figure 6-10 — Typical fuel manifold (V-type engine 
shown) 


The fuel manifold distributes the fuel to each of 
the fuel injectors on the engine. All current 
automotive engines sold by Ford use one fuel 
injector in the intake manifold runner for each 
cylinder. 
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Fuel Injectors 
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Figure 6-12 — Deposit resistant injector 


Figure 6-11 — Typical fuel injector The injector is a solenoid valve which opens a 
fixed amount and has a fixed flow rate while it is 
open. The fuel injectors receive fuel from the fuel 
rail, and each injector has an inlet filter to remove 
particles from the fuel that might clog or jam the 
injector valve. 
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FUEL DELIVERY SYSTEM 


The flow rate is measured in pounds of fuel per 
hour at a specified pressure with the fuel injector 
energized. The following is a typical chart of fuel 
injector applications: 


FUEL INJECTOR APPLICATION CHART FOR 
DEPOSIT RESISTANT INJECTORS 


Part Number Connector Resistance Flow Rate 
Engine Application 9F593 Color Ohms #/Hr 
Car: 


заг 


за. 
за. (бай) 
sass — |өвА | Re | me | o | 
е7 

FOTE-DIA 


Specific fuel injectors are used for different 
engine and vehicle applications. Refer to PCED 
manual for chart. 
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Figure 6-13 — Typical Association vehicle fuel injectors 


Fuel injectors take in fuel from either the top or 
side, depending on the model. They all work 
basically the same. 


LONG DUTY CYCLE 


PULSE WIDTH 
WIDE 


SHORT DUTY CYCLE 


PULSE WIDTH 


AE 


Figure 6-14 — Comparison of short and long fuel 
injector pulse widths 


The amount of fuel that flows is controlled by the 
amount of time that the valve is open. The fuel 
injectors are open very briefly each time they are 
energized. The amount of time they are open is 
measured in milliseconds (ms). 
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The dynamic flow of fuel delivered by the injector 
at a specified pulse width which falls into the 
middle of a given specification band is called the 
mean flow rate. The fuel injectors are energized 
once or twice per engine revolution, depending 
on PCM strategy. So the frequency of fuel injector 
operation is directly related to RPM. The PCM 
determines the amount of fuel required to achieve 
the desired air/fuel ratio for the conditions, and 
controls the fuel injector pulse width. 


ATOMIZED FUEL 


Figure 6-15 — Normal fuel injector spray pattern 


Fuel injectors spray the fuel into the intake air. 
The nozzle of the injector atomizes the fuel for 
optimum mixing with the air molecules. 


Fuel injectors, except deposit resistant injectors, 
may become partially or completely clogged due 
to build-up of carbon and residue from fuel. This 
results in a lean mixture or no-fuel condition. Fuel 
injectors may leak when closed or stuck open, 
which results in a rich mixture. Leakage while the 
engine is off may cause an extremely rich mixture 
during starting. Fuel contamination in the engine 
oil could occur if the liquid fuel travels into the 
cylinders and past the piston rings. Leakage may 
also cause the engine to run-on ("diesel") 
following turning off the key. This is because fuel 
and air still enter the combustion chamber. If the 
combustion chamber is hot enough, the mixture 
will ignite without a spark. 
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Fuel Pressure Relief Valve 


Figure 6-16 — Fuel pressure relief valve 


A pressure test connector, mounted in the fuel 
manifold, has two purposes: 


B Provide a place to relieve fuel system pressure 
before servicing the system 


B Provide a connection point to perform 
diagnostic tests 


The fuel pressure relief valve is a Schraeder 
fitting. The proper connector and hose must be 
used to prevent fuel spilling. Many Association 
vehicles do not have relief valves. Refer to 
specifications in the service and PCED manuals 
for the allowable rate of pressure leakdown with 
the engine off, and the operating pressure with 
the engine running. The relative flow rate of 
individual fuel injectors can be tested with SBDS. 
SBDS energizes each injector briefly and 
measures the rate of pressure drop. 
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Fuel Pressure Regulator 


INTAKE MANIFOLD 
VACUUM 
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FUEL SUPPLY - 
FROM TANK 


VALVE AND 4. а FUEL RETURN 


SEAT ASSEMBLY TO TANK 


Figure 6-17 — Typical fuel pressure regulator 


The fuel pressure regulator is a relief valve which 
maintains a constant fuel pressure differential of 
the fuel supply to the fuel injectors. The pressure 
on the outlet side of the injectors is manifold 
pressure, which varies depending on engine load. 
The fuel injectors are designed to allow a specific 
volume of fuel to flow for each millisecond that 
the fuel injector valve is open. If fuel pressure is 
low, too little fuel will flow when the injector valve 
is open. If fuel pressure is high, too much fuel will 
flow when the injector valve is open. Therefore, 
the fuel pressure regulator adjusts to provide a 
pressure that is a constant amount greater than 
manifold pressure. 
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The fuel pressure regulator is located in the fuel 
supply manifold. Fuel pressure is applied against 
a spring loaded diaphragm in the regulator. There 
is a port on the other side of the diaphragm which 
acts with the spring pressure. When fuel pressure 
is greater than the opposing pressure on the 
diaphragm, the diaphragm is pushed and opens a 
valve. This allows some fuel to return to the tank, 
thus preventing excess pressure. 


Fuel Pressure Pulse Dampner 


The fuel pressure pulse dampner is located on 
the fuel supply manifold, upstream of the 
injectors. The fuel pressure pulse dampner 
reduces fuel pressure pulsation. 
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Fuel Return Lines and Hoses 


Fuel that passes through the fuel pressure 
regulator returns to the fuel tank through the fuel 
return lines and hoses. Fuel return lines and 
hoses are similar to the fuel supply lines and 
hoses, and the same precautions apply. Kinks in 
the return line from the fuel pressure regulator to 
the tank may cause high fuel pressure to the fuel 
injectors. 


DUAL TANK SYSTEMS 


INJECTOR 


PRESSURE 


PRESSURE TEST POINT 


REGULATOR FILTER 


Figure 6-18 — Dual tank fuel delivery system 


Some truck models have two fuel tanks for extra 
capacity. These have two of each of the following 
components: 


B Fuel filler сар 

в Fuel filler neck 

а Fuel tank 

B Fuel pump/pickup assembly 
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FUEL DELIVERY 
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PRESSURE FUEL LINE 


REAR/LEFT TANK 
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Figure 6-19 — Schematic of dual tank electrical circuit 


The fuel tank selector switch also completes the 
circuit to operate the fuel pump and fuel gauge 
sender for the tank selected by the driver. The 
fuel tank selector switch is located on the 
instrument panel. 


This is the end of Lesson 6. Now view Lesson 6 on the video tape, and answer the Progress Check 
questions. 
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^. LESSON 6 — PROGRESS CHECK QUESTIONS 


1. Technician А says the average length of time that all fuel injectors are open is called the mean duty 
cycle. Technician B says the injector pulse width is measured in ms. Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 
D. Neither Technician 


2. A fuel pump outlet check valve prevents which of the following: 
A. Liquid fuel spillage in an accident 
B. Fuel pressure regulator damage 
C. Fuel drainage out of the pump and into the tank 
D. None of the Above 
3. Technician A says the IFS switch is used to limit idle speed. Technician В says the IFS switch has a 
reset button. Who is correct? 
A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
4. Technician A says a fuel injector's flow rate is fixed for a given pressure. Technician В says a fuel 
injector's travel varies with pulse width. Who is correct? 
A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
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LESSON 6 — PROGRESS CHECK ANSWERS 


1. Technician A says the average length of time that all fuel injectors are open is called the mean duty 
cycle. Technician B says the injector pulse width is measured in ms. Who is correct? 


A. Technician A 

(в) Technician В 
С. Both Technicians 
D. Neither Technician 
The amount of time the fuel injector is open is measured in milliseconds because fuel injector on 
time is very brief. 

2. A fuel pump outlet check valve prevents which of the following: 

A. Liquid fuel spillage in an accident 
B. Fuel pressure regulator damage 
C. Fuel drainage out of the pump and into the tank 

© None of the Above 


A fuel pump outlet check valve prevents fuel from draining out of the fuel lines and back into the 
tank when the engine is off. 


3. Technician A says the IFS switch is used to limit idle speed. Technician B says the IFS switch has а 
reset button. Who is correct? 
A. Technician A 
(в) Тесһпісіап В 
С. Both Technicians 
D. Neither Technician 
The IFS switch opens the electrical circuit to the fuel pump to prevent fuel from being sprayed from 


ruptured lines in the event of an accident. A reset button is incorporated into the switch because it is 
possible for the IFS to open from a severe motion other than that caused by an accident. 


4. Technician A says a fuel injector’s flow rate is fixed for a given pressure. Technician B says a fuel 
injector’s travel varies with pulse width. Who is correct? 


Technician A 


B. Technician B 
C. Both Technicians 
D. Neither Technician 


The fuel injector is a solenoid valve which opens a fixed amount and has a fixed flow rate while it is 
open. Pulse width only dictates the amount of time that the fuel injector is open. 
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LESSON 7: EEC FUEL INJECTION CONTROL 
SYSTEMS 


Where does this lesson fit into the Diagnostic Procedure? 


This lesson covers the first four steps of the Diagnostic Procedure. 
The EEC system determines the correct amount of fuel to add to the 
mass of air entering the engine. This lesson explains the strategies 
for determining the correct air/fuel ratio and the purpose and function 
of the Idle Air Control valve and the Idle Speed Control. 


This lesson also explains the two fuel injection timing strategies, fuel 
trim and the adaptive learning concept. 


Objective: 
Using the information provided in this lesson you will be able to 


identify and describe the operation of the fuel and air intake/inlet 
systems and their components. 
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EEC SYSTEM 


The Electronic Engine Control (EEC) system 
controls the amount of fuel delivered in response 
to the quantity of oxygen present and load placed 
on the engine. The EEC system measures intake 
air to help determine how much fuel to provide. 
Generally, the EEC system controls intake air 
flow only during the idle mode. The only 
exceptions are some high performance engines. 
In those, the EEC system controls actuators that 
change effective intake manifold runner length or 
open additional air intake capacity during 
maximum power demand conditions. 


The Powertrain Control Module (PCM) controls 
the fuel injectors and idle air control valve. Both of 
these actuators are solenoid valves and the PCM 
controls their pulse widths to obtain the desired 
flow rate of fuel or air. The PCM controls the 
timing of fuel injector opening. 


FUEL REQUIREMENTS 


The PCM uses the following information from 
sensors to determine the best air/fuel ratio for the 
conditions: 


B Intake air density from Barometric Pressure 
(BARO) and/or Mass Air Flow (MAF) sensors 


B Intake air temperature from Intake Air 
Temperature (IAT) sensor 

B Intake air flow rate from Volume Air Flow (МАР) 
or intake air mass from MAF sensors 

B Engine temperature from Engine Coolant 
Temperature (ECT) sensor 


ii Load and driver input from Manifold Absolute 
Pressure (MAP) and/or Throttle Position (TP) 
sensors 


m RPM and rate of acceleration from Profile 
Ignition Pickup (PIP) signal 

ш Exhaust Gas Recirculation (EGR) flow rate 
from EGR control system signal 


B Exhaust gas oxygen content in closed-loop 
mode only from oxygen sensor (O2S) 


B Vehicle speed from the Vehicle Speed Sensor 
(VSS) 


B Transmission mode and/or range from the 
Manual Lever Position (MLP) switch and other 
sensors in automatic transmissions 
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B Air conditioning load from the Air Conditioning 
(A/C) switch 


E Alternator load from battery voltage 


ш Cylinder identification from Crankshaft (CKP) 
or Camshaft Position (CMP) sensors 


FUEL INJECTION STRATEGY 


In some systems, the PCM has a strategy to 
inject the fuel at a time related to the position of 
the intake valve. Depending on engine design 
and conditions, the optimum time for fuel injection 
may be with the intake valve open or prior to 
opening. Timing of fuel injection may be affected 
by the PIP signal. In addition, timing of fuel 
injection may require cylinder identification 
information. The Cylinder Identification (CID) 
signal is provided by the Crankshaft Position 
(CKP) and/or Camshaft Position (CMP) sensors. 
Cylinder identification and piston position 
information enables the PCM to determine the 
position of the intake valve for each cylinder, and 
which cylinder is on its compression stroke. 


The PCM controls air/fuel ratio by adjusting the 
pulse width. The PCM is programmed to provide 
a specific pulse width based on sensor inputs. 
The РСМ fine tunes the pulse width based upon 
input from the O2S. Exhaust gas oxygen content 
is ignored for the following: 


m 02S is cold during starting and warm-up. 


B Engine is under very high load, such as hard 
acceleration and heavy loads. A 
predetermined rich mixture may be used to 
produce maximum power. 


m EEC system experiences certain failures. А 
predetermined air/fuel ratio is used to allow the 
engine to continue to run safely. 


IDLE SPEED CONTROL 


The PCM provides Idle Speed Control (ISC) 
which controls air flow through the Idle Air Control 
(IAC) valve when the throttle is closed during 
these modes: 


B Idle 
B Starting 
B Deceleration 
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Idle 


ISC controls idle speed by regulating the amount 
of air that flows into the intake during the idle 
mode. The PCM adjusts the duty cycle of the IAC 
to allow the amount of air flow required to achieve 
the RPM that the PCM desires for the driving 
conditions. The duty cycle may be adjusted when 
conditions require. These conditions could come 
from the following: 


B Air conditioning compressor 
B Power steering pump pressure 


B Alternator high output for fans and heated 
backlight 


ш Automatic transmission engagement 


The PCM may adjust the duty cycle of the IAC 
depending on engine temperature. For example, 
the pulse width may be increased for fast idle 
during engine warm-up. 


The PCM may retard ignition spark timing during 
prolonged idling. This will keep the exhaust 
temperature high enough so the catalytic 
converter will remain at maximum efficiency. The 
PCM also increases the duty cycle of the IAC 
when power is reduced because ignition spark 
timing has been retarded. 


On vehicles with engine driven fans, the PCM may 
increase idle speed if the engine temperature is 
too high. This is so that the cooling fan will draw 
more air across the radiator. The duty cycle of the 
IAC is increased to increase idle speed. 


BYPASS AIR SOLENOID 


2 
FN 


BASE IDLE ADJUSTING SCREW є Y 


Figure 7-1 — Typical idle adjusting screw 
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Some systems use an idle adjusting screw to 
allow some air flow through the IAC valve even 
when the solenoid is de-energized. The idle 
adjusting screw is used to obtain the specified 
base idle speed. Do NOT confuse this screw with 
a throttle stop screw. 


Starting 

The PCM increases the valve’s duty cycle to its 
maximum to provide air flow during starting. 
Therefore, it is not necessary for the driver to 
depress the accelerator during starting. This is 
called no-touch starting. No touch starting is a 
benefit because it is easier for drivers to start the 
vehicle. Another benefit of no-touch starting is 
that the throttle plate remains closed, so any 
backfire would be stopped at the throttle. This 
protects the air filter and other parts in the air 
intake that could be damaged by backfire. 


If the driver opens the throttle during starting, 
starting may be prolonged. 


Holding the throttle wide open during starting 
helps to clear a flooded engine by causing more 
air to flow. Also, the PCM may be programmed to 
stop or reduce fuel injection during cranking when 
the throttle position sensor signal indicates that 
the throttle is wide open. 


Deceleration 


The valve opens to provide intake air during 
deceleration for two reasons: 


B Prevent engine stalling (dashpot effect) 
B Reduce exhaust emissions 
PREVENT ENGINE STALLING 


Stalling during deceleration is prevented by 
providing a regulated continuous flow of air. Two 
methods are used: 


m Mechanical dashpot device 
ш PCM control of the ISC - IAC valve 


PCM control of intake air during deceleration is 
the most common system. 


EEC FUEL INJECTION CONTROL SYSTEMS 


EEC FUEL INJECTION CONTROL SYSTEMS 


Mechanical Dashpot Device 


DASHPOT 


THROTTLE 
BODY 


Figure 7-2 — Typical mechanical dashpot 


A dashpot is a spring loaded mechanism with an 
air chamber/air bleed that cushions the throttle 
lever as it approaches the idle position. The air 
.chamber/air bleed slows the rate at which the 
throttle closes. 


PCM Control 


The PCM uses a strategy to control the ISC-IAC 
valve to provide air during deceleration. 


Some systems shut-off the flow of fuel during 
deceleration and turn it back on when the engine 
speed approaches idle speed. Continuous air 
flow provides proper air/fuel mixing when the fuel 
flow resumes, providing a smooth transition to the 
idle mode. 


REDUCED EXHAUST EMISSIONS 


Dashpot function reduces hydrocarbon (HC) 
emissions because the dashpot air provides the 
proper air/fuel mixing during the transition to idle 
mode. 


EEC FUEL INJECTION CONTROL SYSTEMS 


PCM STRATEGIES 


The PCM has several strategies to control the 
fuel system: 


ш RPM Limiter 

B Vehicle speed governor 
Bi Clear flood/de-choke 

ш Fuel trim 

B Fuel injection timing 


RPM Limiter 


Some engines limit maximum RPM to prevent 
damage from over- revving. RPM is limited by the 
PCM. The PCM stops energizing some of the fuel 
injectors when RPM has reached a programmed 
maximum speed, for example, 6,500 RPM. Then 
the PCM resumes fuel injection when RPM has 
dropped to a programmed resume speed, for 
example, 6,420 RPM. If the driver keeps the 
accelerator applied hard, the engine speed will 
increase to maximum RPM again. Fuel injection 
may be limited or stop, and then resume at lower 
RPM. This cycle will repeat as long as the driver 
keeps the accelerator applied hard. The cycling 
between cut-off and resume RPM causes engine 
surging. This is because the difference between 
the two speeds is noticeable, for example, 80 
RPM difference between 6,500 RPM and 6,420 
RPM. The engine surge and loss of power are 
normal when the RPM governor is in effect. 


Vehicle Speed Governor 


Some vehicles limit the maximum MPH to 
prevent vehicle speed from exceeding the speed 
rating of the original tires and/or equipment. This 
feature operates very similar to the RPM 
governor. The cycling between the cut-off and 
resume MPH causes surging that is noticeable. 
The surge and loss of power are normal. 
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Clear Flood/De-Choke 


Prolonged cranking without starting may cause 
excessive fuel to accumulate in the intake runner 
and combustion chambers. This is called 
flooding. Excess fuel may cause an extremely 
rich air/fuel mixture, which is not combustible. To 
remove excess fuel or prevent flooding, the PCM 
may stop fuel injection or shorten fuel injector 
pulse width after many seconds of continuous 
cranking with the throttle in the wide open 
position. 


Fuel Trim 


The PCM has a strategy that adjusts air/fuel ratio 
in the closed-loop mode to achieve the optimum 
results. The PCM uses input from the 02S to fine- 
tune the mixture. The fine tuning process is called 
fuel trim. Fuel trim may be either short term (for a 
condition occurring occasionally) or long term (for 
a condition occurring consistently). 


Short term fuel trim is a correction to fuel pulse 
width. It is shown as a percentage, and 
represents the amount the PCM is compensating 
for a rich or lean condition. 


Long term fuel trim operates in conjunction with 
short term fuel trim to maintain a stoichiometric 
air/fuel ratio. It is part of the strategy that allows 
for corrections to the air/fuel ratio. Long term fuel 
trim is shown as a percentage and represents the 
amount the PCM is compensating for a 
consistently rich or lean condition beyond the 
limits of short term fuel trim during closed loop 
operation. 


Fuel Injection Timing Systems 
There are two fuel injector timing systems: 
ш Multiport Fuel Injection (МЕ!) 

ш Sequential Fuel Injection (SFI) 


Don’t confuse the MFI timing system with the MFI 
delivery system. Both the MFI and SFI timing 
systems use a multiport fuel injection delivery 
system. The difference is the PCM program and 
vehicle wiring. 


MULTIPORT FUEL INJECTION 


Multiport Fuel Injection (МЕ!) means that two ог 
more fuel injectors are energized at the same 
time, generally twice per engine revolution. The 
PCM determines the frequency of fuel injection 
based upon engine RPM. The pulse width for the 
opening of the fuel injectors is the same for all 
injectors that are energized at the same time. 
Therefore, each cylinder receives the same 
amount of fuel. If air flow varies between 
cylinders (such as a vacuum leak) or if fuel flow 
through individual injectors is reduced (such as a 
partial clog), the cylinders will produce unequal 
power. 


SEGUENTIAL FUEL INJECTION 


Sequential Fuel Injection (ЗЕ!) means that each 
fuel injector is energized at the time and for the 
pulse width that is optimum for each intake 
stroke. The PCM uses the CID signal to 
determine which cylinder is ready for fuel 
injection. 


LOAD AND AIR INTAKE MEASURING 
SYSTEMS 


The PCM obtains signals from sensors to 
determine how much fuel should be mixed with 
the intake air. The PCM determines the best air/ 
fuel ratio for the conditions. The quantity of fuel 
required depends on the quantity of oxygen, plus 
temperature and load factors. A richer mixture is 
required for more power during high load 
conditions, such as acceleration. In addition, a 
richer mixture is required during cold engine 
conditions because some of the fuel will not 
evaporate and mix with the air. 


Load Measuring Devices 


Three sensors provide the PCM with information 
about load: 


B Throttle Position (TP) sensor 
m Manifold Absolute Pressure (MAP) sensor 
B Mass Air Flow (МАҒ) sensor 


The PCM may use information from these 
sensors to determine the load. High loads require 
richer air/fuel mixtures. The PCM adjusts fuel flow 
according to load. 
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THROTTLE POSITION SENSOR 
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Figure 7-3 — Typical throttle position signal 


The Throttle Position (TP) sensor is a 
potentiometer that is mounted to the throttle body. 
The potentiometer provides a signal to the PCM 
that varies with throttle valve opening. 


The PCM can determine the rate of acceleration 
or deceleration based upon the rate at which the 
throttle position is changing. 


MANIFOLD ABSOLUTE PRESSURE 
SENSOR 


60 80 100 120 140 
MAP SENSOR OUTPUT FREQUENCY (Hz) 


Figure 7-4 — Typical manifold absolute pressure signal 


The Manifold Absolute Pressure (MAP) sensor is 
a frequency generator that is connected by a 
hose to a port on the intake manifold. Manifold 
pressure is an indicator of load because MAP is 
higher when the throttle is open a larger amount 
relative to RPM. 
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MASS AIR FLOW (MAF) SENSOR 
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Figure 7-5 — Typical mass air flow sensor signal 


The Mass Air Flow (MAF) sensor measures air 
mass as intake air flows over a hot wire device in 
the air inlet. The PCM uses the signal from the 
MAF sensor to estimate air density which is an 
indicator of load. 
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Air Intake Measuring Systems 


Three types of air intake measuring systems are 


used in vehicles sold by Ford: 

ш Volume Air Flow (VAF) systems 
m Mass Air Ном (MAF) systems 
B Speed-Density systems 
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VOLUME AIR FLOW SYSTEM 
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Figure 7-6 — Typical volume air flow sensor 


Air flow is measured by taking a direct reading of 
the volume of air entering the engine. This 
reading is measured in cubic feet per minute, by 
the Volume Air Flow (VAF) sensor. There is a 
potentiometer operated by a vane device located 
in the air inlet. The vane moves farther as more 
air flows, which controls the signal from the 
potentiometer to the PCM. In the volume air flow 
system, a barometric pressure (BARO) sensor 
and an Intake Air Temperature (IAT) sensor 
determine the density of the air. The PCM uses 
the information from the three sensors to 
calculate how much air mass is present in each 
charge. 


High air flow indicates more mass. The PCM 
uses the VAF signal to adjust the amount of fuel 
according to the amount of air mass. 
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Figure 7-7 — Typical barometric pressure signal 


High barometric pressure indicates higher air 
density, which means that more mass is present 
for a given volume of air. The PCM uses the 
BARO signal to convert air volume to air mass. 


TEMPERATURE 


4v 


v 3v 
VOLTAGE READING (volts) 


Figure 7-8 — Typical intake air temperature signal 


Low air temperature indicates higher air density, 
which means that more oxygen is present for a 
given volume of air. The PCM uses the ІАТ signal 
to adjust the amount of fuel according to the 
amount of air mass. 
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жы MASS AIR FLOW SYSTEM Since mass is measured, the PCM does not 
require separate information about air volume, 
temperature and pressure. However, vehicles 
with MAF systems may also have IAT and BARO 
sensors. 


Generally, there is redundant information that will 
enable the engine to run in the event of failure of 
an air flow sensor. With either the Speed-Density 
or MAF system, the PCM may calculate air flow 
based upon RPM, Throttle Position (TP), and 
Intake Air temperature (IAT). Vehicles may have 
sensors for other purposes, such as ignition 
timing control, that can provide information to the 
PCM to allow it to calculate air flow. For example, 
a vehicle with a MAF system may have BARO 
and IAT sensors for timing control. 


Figure 7-9 — Typical mass air flow sensor 


The Mass Air Flow (MAF) system measures air 
mass by taking a direct reading of the air as it 
flows over a hot wire device in the air inlet. 
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SPEED DENSITY SYSTEM PCM 
М7 
CONSTANT CONTROL 
RELAY MODULE (CCRM) 
М7 
Figure 7-10 — Typical speed density system 
The speed density system does not utilize an air 
flow or mass measuring device. The PCM uses 
signals from the Manifold Absolute Pressure 
(MAP) and Intake Air Temperature (IAT) sensors 
to determine the intake air mass in relation to VARIABLE CONTROL 
predetermined values contained in a volumetric RELAY MODULE (VCRM) 
efficiency table programmed into the PCM. 
Figure 7-11 — Typical power relays 
Some vehicles provide power to the PCM, fuel 
and ignition systems through realys of control 
modules, such as the following: 
m Constant Control Relay Module (CCRM) 
m Variable Control Relay Module (VCRM) 
m EEC power relay 
ш independent power relay 
This is the end of Lesson 7. Now view Lesson 7 on the video tape, and answer the Progress Check “ж” 


questions. 
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LESSON 7 — PROGRESS CHECK QUESTIONS 


Technician A says that the MAF, ECT and TP sensors provide the PCM with input concerning 
engine operation. Technician B says the PCM controls fuel flow through the injectors based on 
electrical signals received from input sensors. Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 
D. Neither Technician 


— 


m 


Technician A says idle speed is controlled by a vacuum actuator which moves the throttle plate. 
Technician B says that in order to maintain proper idle speed, accessory load such as power 
steering and air conditioning must be considered. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


б 


Technician А says that some PCMs have а speed limiting strategy. Technician В says that when ап 
overspeed condition exists the PCM disrupts power flow to the ignition coil. Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 
D. Neither Technician 


Which of the following does not provide the PCM with input data? 
A. ISC/IAC 

B. MAP 
C. IAT 
D 
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LESSON 7 — PROGRESS CHECK ANSWERS 


Technician A says that the MAF, ECT and TP sensors provide the PCM with input concerning 
engine operation. Technician B says the PCM controls fuel flow through the injectors based on 
electrical signals received from input sensors. Who is correct? 


A. Technician A 

B. Technician B 
(C) Both Technicians 
D. Neither Technician 


““ “ 


— 


The MAF, ECT and TP sensors supply the PCM with input concerning engine load, temperature 
and operator demands. The PCM uses this, and other input data, to control injector "ON" time. 


m 


Technician A says idle speed is controlled by a vacuum actuator which moves the throttle plate. 
Technician B says that in order to maintain proper idle speed, accessory load such as power 
steering and air conditioning must be considered. Who is correct? 
A. Technician A 

(в) Technician В 
С. Both Technicians 
D. Neither Technician 


An idle speed control by-pass air valve (ISC/IAC) is used to control idle speed; and the PCM 

controls the ISC/IAC. Accessories such as power steering and air conditioning place a load on the 

engine and can therefore affect idle speed. In order to maintain a proper idle speed, sensors such ғ 
as the PSPS and A/C cycle switch are used to inform the PCM on the operation of these systems. 


e» 


Technician A says that some PCMs have a speed limiting strategy. Technician B says that when an 
overspeed condition exists the PCM disrupts power flow to the ignition coil. Who is correct? 


(A) Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
Some vehicles have vehicle speed and engine RPM governors which are PCM controlled. 


However, the PCM maintains RPM and speed by controlling the fuel injectors. If vehicle speed, for 
example, exceeds acceptable levels, the PCM shuts “OFF” injectors. 


» 


Which of the following does not provide the PCM with input data? 


(A) ISC/IAC 


B. MAP 
C. IAT 
D. HO2S 


The ISC/IAC is controlled by the PCM. It is therefore an output device. All the others are sensors 
which provide the PCM with input data. 
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^. LESSON 7 — PROGRESS CHECK QUESTIONS (СОМТО.) 


5. А МАР sensor indicates engine load by monitoring: 
A. Engine speed 
B. Exhaust manifold backpressure 
C. Throttle angle position 
D. Intake manifold vacuum and/or pressure 


Ф 


Technician А says а VAF is commonly used on association vehicles. Technician B says а VAF is 
used to supply the PCM with engine load data. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


a 


Technician A says an IAT sensor is not required for vehicles which utilize VAF or MAP sensors. 
Technician B says that intake air temperature input is only needed for cold starting purposes. Who 
is correct? 


A. Technician A 
B. Technician B 

p^ C. Both Technicians 
D. Neither Technician 
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LESSON 7 — PROGRESS CHECK ANSWERS (СОМТО.) 


5. AMAP sensor indicates engine load by monitoring: 
A. Engine speed 
B. Exhaust manifold backpressure 


C. Throttle angle position 
Intake manifold vacuum and/or pressure 
The Manifold Absolute Pressure (MAP) sensor monitors intake manifold vacuum and pressure. The 


sensor generates a frequency which is sent to the PCM. The PCM knows engine load conditions 
based on this signal. 


6. Technician A says a VAF is commonly used on association vehicles. Technician B says a VAF is 
used to supply the PCM with engine load data. Who is correct? 
A. Technician A 
B. Technician B 
(С) Both Technicians 
D. Neither Technician 
A Volume Air Flow (VAF) Meter is commonly used on association vehicles. It deflects engine load 
by monitoring the volumes of air flow into the engine. 
7. Technician A says an IAT sensor is not required for vehicles which utilize VAF or MAP sensors. 


Technician В says that intake air temperature input is only needed for cold starting purposes. Who + 
is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
(0) Мейһег Тесһпісіап 
Ап IAT sensor is used on both УАҒ апа MAP applications. Air temperature is ап important 


consideration when determining fuel flow. This is because temperature affects density. This input is 
critical during all modes of operation, not just starting. 
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LESSON 8: INTAKE SYSTEM RELATED 
CONDITIONS AND SYMPTOMS 


Where does this lesson fit into the Diagnostic Procedure? 


This lesson covers steps one through five of the Diagnostic 
Procedure. The information in this lesson relates driveability 
symptoms to abnormal conditions caused by improper air/fuel mixture 
or improper air flow. 


This lesson describes the relationships between those abnormal 
conditions and the systems and components that are most likely the 
root cause. The relationships between systems that affect intake air 
are explained. 


Objective: 
Using the information provided in this lesson you will be able to 


identify the driveability symptoms commonly associated with the fuel 
and air intake/inlet systems and their components. 
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ABNORMAL OPERATION 


There are two conditions that may occur from 
abnormal air intake system operation: 


ш Lean air/fuel mixture 
B Rich air/fuel mixture 


Abnormal air/fuel mixture may be caused by the 
air inlet system due to malfunctions that cause 
the following conditions: 


ш Improper air temperature 
B Improper air flow 
ш Intake air contamination 


IMPROPER AIR TEMPERATURE 


Improper air temperature refers to a temperature 
that is either too high or too low. 


Low Intake Air Temperature 


If air temperature is too low, fuel does not 
vaporize easily. Some of the fuel does not 
vaporize and, therefore, does not burn. The un- 
burned fuel enters the exhaust system. Also, cold 
air is more dense, which means it has more 
oxygen. A large amount of oxygen and a small 
amount of vaporized fuel results in a lean mixture. 


The PCM may provide a pulse width to the fuel 
injectors to inject enough fuel to create a 
balanced or rich mixture. However, only the 
portion of the fuel that vaporizes will burn and 
provide power. The driveability symptoms may 
simulate a lean air/fuel mixture, even though the 
proportion of fuel may be correct or rich. 


If the PCM provides enough fuel so that the 
mixture of oxygen and vaporized fuel will provide 
good combustion, the following driveability 
symptoms still may occur: 


B Poor fuel economy 
B Excessive emissions (HC and CO) 
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If the PCM does not provide enough fuel so that 
the mixture of oxygen and vaporized fuel will 
provide good combustion, the following 
driveability symptoms may occur: 


B Poor fuel economy 
m Excessive emissions 
B Hesitation 

m Stumble 

B Low idle 

m Rolling idle 

ш Lack of power 

m Buck/jerk 

B Engine stalls 

B Engine quits 


During various conditions, the PCM will adjust the 
fuel injector pulse width. For example, the inputs 
for air temperatures, exhaust gas oxygen and 
load will cause the PCM to provide more or less 
fuel. 


Also, when poor fuel vaporization occurs, liquid 
fuel may wash the oil off cylinder walls and cause 
high friction and wear between the piston rings 
and cylinder walls. Liquid fuel may also dilute and 
contaminate the oil in the oil pan. Carbon build-up 
may occur in the combustion chamber, exhaust 
system, and on valves and spark plugs. An 
excessive amount of un-burned fuel in the 
exhaust gases can also overheat the catalytic 
converter. 


Causes of low air temperature include: 
B Cooling system thermostat 

B Heated air inlet system 

ш Heated intake manifold system 
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COOLING SYSTEM THERMOSTAT 


Figure 8-1 — Low engine operating temperature due to 
defective thermostat 


Engine coolant temperature is maintained by the 
opening and closing of the cooling system 
thermostat. The controlled coolant temperature is 
monitored by the engine coolant temperature 
(ECT) sensor. The ECT sensor provides a 
variable voltage input to the Powertrain Control 
module based upon how high or low the actual 
coolant temperature is for any given condition. 
Depending upon strategy, the sensor’s input to 
the PCM can be used to modify air/fuel ratio, idle 
speed, exhaust gas recirculation, ignition timing 
and purge flow. 


A malfunctioning, incorrect or missing thermostat 
can cause low engine operating temperature 
which in turn causes intake ports and intake 
manifolds (even non-heated type) to be colder 
than normal. Based on ECT sensor input for cold 
operating conditions, the PCM increases fuel 
injector pulse width to overcome poor fuel 
vaporization. 
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HEATED AIR INLET 
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VACUUM MOTOR 


OUTSIDE 
AIR 


CLEANER 


Figure 8-2 — Heated air intake in cold air position 


An inoperable heated air inlet system will not pre- 
heat the air. The heated air inlet valve may be 
stuck in the cold air inlet position. The diaphragm 
that operates the flap may be inoperable due to a 
leak. The vacuum switch that controls vacuum to 
the diaphragm may be inoperable or open at too 
low a temperature. The vacuum lines may be 
disconnected, misrouted or leaking. The duct to 
the stove on the exhaust may be disconnected. 
The stove may be loose or missing. 


TEMPERATURE 
PROBE 


Figure 8-3 — Testing heated air intake thermostat ` 


Use a thermometer to test the opening/closing 
temperature of the thermostatic vacuum switch in 
the heated air intake system. 
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HEATED INTAKE MANIFOLD SYSTEM 
Coolant Heated Intake Manifold 


The engine cooling system could cause 
driveability symptoms if engine temperature is 
abnormally low. Low intake manifold temperature 
may be caused by a cooling system thermostat 
that opens at too low a temperature. Coolant flow 
through the intake manifold may be blocked by 
improperly installed or incorrect intake manifold 
gaskets. Feel the intake manifold when the 
engine is at normal operating temperature to 
verify that it is hot. 
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Exhaust Heated Intake Manifold 


Intake manifold temperature may be too low if the 
heat riser valve does not close. Another cause is 
a heat riser valve that opens before the engine 
reaches normal operating temperature. Intake 
manifold temperature may be too low if the 
exhaust gas passages are restricted in the 
cylinder heads or intake manifold. Restrictions 
may be caused by carbon build-up or an 
improperly installed or incorrect intake manifold 
gasket. 


To diagnose the system, observe the operation of 
the heat riser valve. The valve should be closed 
until the engine warms up. If it is not, the valve 
could be stuck due to rust and carbon build-up. If 
the valve is operated by a vacuum diaphragm, 
the diaphragm may leak. Vacuum lines may be 
disconnected, misrouted or leaking. The 
thermostatic vacuum switch or solenoid valve that 
controls vacuum to the diaphragm may be 
inoperable. 


The intake manifold should feel hotter than the 
rest of the engine during warm-up. If the heat 
riser valve operates normally but the intake 
manifold does not warm-up quickly, the exhaust 
heat passages may be restricted. 


High Intake Air Temperature 


High air temperature causes the air to be less 
dense, so it contains less oxygen per unit volume 
and expands less when burned. A reduced 
amount of oxygen may create a rich mixture. The 
following driveability symptoms may occur: 


B Poor fuel economy 
m Excessive emissions 
Bi Lack of power 


Also, a hot air/fuel mixture may ignite prematurely 
(pre- ignition) due to high compression 
temperatures. 


Pre-ignition may cause the following driveability 
symptoms to occur: 


B Spark knock 

а Poor fuel economy 
B Excessive emissions 
ш Lack of power 


Also, detonation may damage piston tops, spark 
plugs and valves. 


Pre-ignition and detonation during starting a hot 
engine may cause the following driveability 
symptoms: 


@ Hard starting (due to slow cranking) 

а No start (due to very slow cranking) 
Causes of high inlet air temperatures include: 
B High engine temperature 

B Faulty heated air inlet system 

B Faulty heated intake manifold system 

B Faulty charge air cooler (aftercooler) 
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HIGH ENGINE TEMPERATURE 


Figure 8-4 — Overheated engine 


High engine operating temperature causes intake 
ports and intake manifolds (even the non-heated 
type) to be hotter than normal. High engine 
operating temperature is caused by a cooling 
system malfunction, incorrect ignition spark 
timing or excessive load. Cooling system 
malfunctions include: 


ш Low coolant level 


m= Thermostat stuck closed or opens at too high a 
temperature 


ш Clogged radiator coolant passages 


B Clogged radiator cooling fins due to debris or 
damage 


B Inoperative cooling fan 
m Water pump belt slipping 
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AIR DOOR 
VACUUM MOTOR 


HEATED AIR 
FLOWS TO 
AIR CLEANER 


Figure 8-5 — Heated air intake in hot air position 


A malfunctioning heated air inlet system may pre- 
heat the air more than needed. The heated air 
inlet valve may be stuck in the hot air inlet 
position. The vacuum switch that controls 
vacuum to the diaphragm may open at too high a 
temperature. Vacuum lines may be improperly 
routed. 
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^ HEATED AIR INLET 


TEMPERATURE 
PROBE 


Figure 8-6 — Testing heated air intake thermostat 


Use a thermometer to test the opening/closing 
temperature of the thermostatic vacuum switch in 
the heated air intake system. 
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Figure 8-7 — System drawing underhood air 


Hot underhood air may be drawn if the fresh air 
inlet tube is disconnected. 


HEATED INTAKE MANIFOLD SYSTEM 
Coolant Heated Intake Manifold 


The engine cooling system could cause 
driveability symptoms if engine temperature is 
abnormally high. High intake manifold 
temperature can only be caused by excessive 
engine temperature. 


Exhaust Heated Intake Manifold 


Intake manifold temperature may be too high if 
the heat riser valve does not open at normal 
operating temperature. To diagnose the system, 
observe the operation of the heat riser valve. The 
heat riser valve should open when the engine 
warms up. If the heat riser valve does not open, it 
could be stuck due to rust and carbon build-up. 
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CHARGE AIR COOLER (AFTERCOOLER) 


Intake air temperature may be high if the charge 
air cooler is not exchanging heat due to blockage 
of air flow across the cooling fins. 


AIR FLOW 


Figure 8-8 — Obstructed cooling air through charge air 
cooler 


Look for debris on the fins and damaged fins. 
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IMPROPER AIR FLOW 


Improper air flow can be caused by one of the 
following: 


ш Reduced air flow 
ш Excessive air flow 
gm Uncontrolled air flow 


Reduced Air Flow 


Reduced air flow due to an obstruction in the 
intake path may cause a rich air/fuel mixture in 
the affected cylinder(s) and a lean air/fuel mixture 
in the rest of the cylinders. This is because the 
Vane Air Flow (VAF) or Mass Air Flow (MAF) 
system would measure air flow at the inlet and 
assume that each cylinder is receiving an equal 
portion. For example, if a four cylinder engine 
takes in 100 pounds of air in a given period of 
time, the PCM assumes that each cylinder 
receives 25 pounds. However, if a cylinder has an 
obstruction, such as due to a worn camshaft lobe, 
the quantity of fuel injected may be too great for 
the amount of air in that cylinder. The rest of the 
cylinders receive a larger portion of air. Using the 
same example of 100 pounds of air, if one 
cylinder gets only 10 pounds, then each of the 
others gets 30 pounds. The result is uneven 
production of power between the cylinders. 
Uneven production of power may cause the 
following driveability symptom: 


m Engine runs rough 


If a cylinder does not produce any power, the 
following driveability symptom may occur: 


m Engine misses 


The following driveability symptoms, related to 
improper air/fuel ratio, may occur: 


ш Lack of power 
m Poor fuel economy 
m Excessive emissions 


The symptoms may be more severe if several 
cylinders have reduced air flow. The following 
additional driveability symptoms related to 
improper air/fuel ratio may occur: 


B Hesitation 
ш Stumble 
ш Buck/jerk 
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REDUCED AIR FLOW TO OR FROM 
INDIVIDUAL CYLINDERS 


Causes of reduced air flow to individual cylinders 
include: 


B Intake manifold runner restriction 

B Valvetrain malfunction 

B Exhaust manifold runner restriction 
Intake Manifold Runner Restriction 


INTAKE 
MANIFOLD 


GASKET 


Figure 8-9 — Intake air obstruction from intake manifold 
gasket 


An improperly installed or incorrect intake 
manifold gasket may block air flow to individual 
ports. A casting flaw in an intake manifold runner 
or cylinder head port may block air flow to the 
affected cylinder(s). 
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Valvetrain Malfunction 


VALVE PUSHED 
OFF SEAT 


Figure 8-10 — Worn camshaft lobe 


Worn or damaged valve train components do not 
open the valve a normal amount. This condition 
can be detected by a pulsating needle on a 
vacuum gauge. All intake and exhaust valves 
should have the same amount of travel as each 
other. 


Components that may cause this condition in 


overhead camshaft engines include the following: 


m Worn camshaft lobe 

m Worn camshaft follower 

ш Collapsed hydraulic lash adjuster 
B Bent or worn rocker arm 

B Worn valve stem tip 
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VALVE CLOSED 
OR SLIGHTLY 
OFF SEAT 


Components that may cause this condition in 
overhead valve engines include the following: 


B Worn camshaft lobe 

в Worn valve lifter face 

B Collapsed hydraulic lash adjuster 
B Bent pushrod 

B Bent or worn rocker arm 

в Worn valve stem tip 
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Exhaust Manifold Runner Restriction 


CHECKING FOR 
BLOCKAGE 


Figure 8-11 — Obstructed exhaust manifold 


An improperly installed or incorrect exhaust 
manifold gasket may block exhaust gas flow out 
of individual ports. A casting flaw in an exhaust 
manifold runner or cylinder head port may block 
exhaust gas flow to the affected cylinder(s). A 
simple way to check for obstructions in manifold 
runners is to pass a large chain through them. 


REDUCED AIR FLOW TO ALL 
CYLINDERS | 


Reduced air flow to all cylinders would not affect 
air/fuel ratio because the VAF or MAF sensor 
would provide fuel in proportion. However, lack of 
power would be caused by reduced cylinder 
charging. Reduced cylinder charging causes 


reduced compression and combustion pressures. 


Causes of inadequate air flow to all cylinders 
include: i 


т Improper camshaft timing 

ш Clogged air filter element 

ш Obstructed air inlet 

m Malfunctioning high performance devices 
m Restricted exhaust 

m Improper exhaust system 
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Improper Camshaft Timing 
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Figure 8-12 — Improper camshaft timing 


A slipped timing chain or belt will cause valves to 
open at the wrong time relative to piston position. 
Low, steady readings on a vacuum gauge 
indicate this condition. Improper camshaft timing 
can be checked by aligning the timing marks on 
the camshaft and crankshaft. Some disassembly 
is usually required. Follow the procedures in 
service manuals. 
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Clogged Air Filter Element Malfunctioning High Performance Air 
Inlet Devices 


Malfunctioning high performance devices, that 
are designed to increase air flow, include: 


B Turbocharger 

B Supercharger 

ш Wastegate 

ш Charge air cooler 
ш Resonance control 


B Air volume control 
DEBRIS 


Figure 8-13 — Restricted air filter element 


Clogged air filter elements reduce air flow. 
Obstructed Air Inlet 


CRUSHED 


Figure 8-14 — Obstructed air inlet 


Obstructed air inlet passages reduce air flow. 
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ТОНВОСНАНСЕН 


DAMAGED 
BEARINGS 


Figure 8-15 — Damaged/worn turbocharger 

The turbocharger may be inoperable or operate 
at reduced capacity due to: 

E Damaged bearings 

B Worn impeller blades 

в Worn turbine blades 

B Restriction in exhaust system 
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SUPERCHARGER WASTEGATE 


DAMAGE COMPRESSOR 
i 


TURBINE 


DAMAGE 
TO 
ROTOR 
Figure 8-16 — Damaged supercharger WASTEGATE 
ACTUATOR 


The supercharger may be inoperable due to: 
B Broken paddles 

B Broken drive belt 

B Seized bearings 

Bi Broken or worn internal gears 

B Low/no oil in reservoir WASTEGATE VALVE 


AIR FLOW 

AIR PRESSURE TO WASTEGATE ACTUATOR 
EXHAUST FLOW 

BY-PASSED EXHAUST FLOW 


Figure 8-17 — Wastegate open 


Forced induction air from the turbocharger may 
be vented to the exhaust at low boost pressures. 
This could occur if the wastegate opens at the 
wrong pressure or is stuck open. On engines with 
superchargers, forced induction air is vented 
back to the intake side of the supercharger. 
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CHARGE AIR COOLER RESONANCE CONTROL 


SHUTTER VALVES 


KINKED 
TUBE 


SHUTTER VALVE 
ACTUATORS 


Figure 8-19 — Resonance control valves in low speed 
position 


High speed air intake may be reduced if the 
resonance control valve(s) fails to open or opens 
too late. 


“АВ VOLUME CONTROL 


Figure 8-18 — Restricted air flow through charge air ааа айы ы 


cooler system 


Force induction air from the supercharger or 
turbocharger may be restricted. This could occur 
if there is a restriction in the charge air cooler 
tubes or connecting pipes. 


PRIMARY TUBE 


Figure 8-20 — Air volume control valves in low speed 
position 


High speed air intake may be reduced if the air 
- volume control valve(s) fails to open or opens too 
late. 


8-16 INTAKE SYSTEM RELATED CONDITIONS & SYMPTOMS 


um 


INTAKE SYSTEM RELATED CONDITIONS & SYMPTOMS 


Excessive Air Flow 


Excessive air flow is caused by abnormal 
operation of high performance equipment, 
designed to increase air flow during some 
conditions. These devices include: 


m Wastegate 
E Resonance control 
B Air volume control 


Excessive air flow when accompanied by the 
proper fuel may cause excessive compression 
and combustion pressures. Excessive 
compression and combustion pressures may 
cause the following driveability symptom: 


B Spark knock 


Excessive air flow may cause a lean air/fuel 
mixture if the volume of air is greater than the 
capacity of the fuel injectors. A lean air/fuel 
mixture burns hotter which may cause the 
following driveability symptoms to occur: 


E Spark knock 
B Excessive emissions (NOx) 
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RESONANCE CONTROL 


SHUTTER VALVES 


SHUTTER VALVE 
ACTUATORS 


Figure 8-21 — Resonance control valves in high speed 
position 


Low speed air intake may be excessive if the 
resonance control valve(s) sticks open or opens 
too early. 


AIR VOLUME CONTROL 


SECONDARY TUBE 


PRIMARY TUBE 


Figure 8-22 — Air volume control valves closed 


Low speed air intake may be excessive if the air 
volume control valve sticks open or opens too 
early. 
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Figure 8-23 — Wastegate closed 


Boost pressures may be excessive if the 
wastegate fails to open or opens at too high a 
boost pressure. 
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^ Uncontrolled Air Flow 


Uncontrolled air flow means air leaks or vacuum 
leaks. A vacuum leak is air taken in below the 
throttle plate that has not been measured by the 
VAF or MAF sensor. An air leak is air taken in 
above the throttle plate that has not been 
measured by the VAF or MAF sensor. 


HIGH IDLE 


THROTTLE i THROTTLE 
PLATE PLATE 
FULLY OPEN 
CLOSED 5-15% 


PART THROTTLE WIDE OPEN THROTTLE 
(CRUISE) 


THROTTLE THROTTLE 
PLATE 


OPEN 
15-60% | 60-100% 


MODERATE J WEAK TO ZERO 


MODERATE WEAK TO ZERO 


CLOSED THROTTLE 
DECELERATION (HIGH RPM) 


THROTTLE 
PLATE 
FULLY 
CLOSED 


VERY STRONG 


Figure 8-24 — Vacuum signals and their ports 
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Vacuum leaks can be one of two basic types of 
vacuum used in automobiles: 


B Manifold vacuum 
ш Ported vacuum 
MANIFOLD VACUUM 


Manifold vacuum is pressure downstream from 
the throttle plate. This is the pressure that is most 
often used to operate systems and measure 
engine load. Manifold vacuum may also be called 
engine vacuum. 


DIAPHRAGM 


PORTED VACUUM 


THROTTLE BODY 


Figure 8-25 — Typical ported vacuum EGR valve control 
circuit 
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PORTED VACUUM 


Ported vacuum is pressure at the throttle plate 

that drops when the throttle is open. Vacuum at 

connections ahead of the throttle plate is very low 

during idle and small throttle openings. 

Some vacuum operated systems use ported 

vacuum to operate devices that function only with 

the throttle open. Those systems include: 

Bi Evaporative Emissions Control (some system 
types) 

m Exhaust Gas Recirculation (some system 
types) 

A ported vacuum leak would only allow 

unmeasured air during conditions when the 


throttle is open more, such as cruise and 
acceleration modes. 
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„~ EFFECT OF VACUUM LEAKS 
Vacuum leaks may affect either: 
B All cylinders evenly 
B Individual cylinders 


Vacuum Leaks Affecting All Cylinders 
Evenly 


Figure 8-26 — Vacuum leaks affecting all cylinders evenly 


Vacuum leaks that affect all cylinders may be 
caused by: 


Bi Leak between intake manifold and throttle 
body 


B Damaged intake manifold upstream of intake 
runners 
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B Leak at the throttle plate pivot shaft 


B Leak in any system whose hose connects to 
the throttle body (ported vacuum or manifold 
vacuum) or to a port on the intake manifold 
ahead of the intake runners 
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Vacuum Leaks Affecting Individual 
Cylinders 


UPPER INTAKE 
MANIFOLD 


LOWER INTAKE 
MANIFOLD 


Figure 8-27 — Vacuum leaks affecting one cylinder 
Vacuum leaks that affect individual cylinders may 
be caused by: : 


ш Leak between the intake manifold runner(s) 
and cylinder head 


ш Leak in any system whose hose connects to an 
intake manifold runner 


m Damaged intake manifold runner 
т Leak between intake manifold halves 
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FINDING VACUUM LEAKS 

Vacuum may leak from several different places 
m Diaphragms in vacuum operated devices 

B Hoses and lines and their connections 


ш Vacuum control valves (leak to atmosphere, or 
flow when valve should be closed) 


B Intake manifold 
Diaphragm Leaks 
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Figure 8-28 — Typical vacuum motor 


A leak in a diaphragm or its housing on the 
vacuum side may allow uncontrolled air into the 
engine intake. However, if the leak is small 
enough, the device may still operate. Many 
systems in a vehicle include an actuator that is 
operated by the movement of a diaphragm when 
manifold vacuum is applied: 


B Power brake booster Transmission modulator 
valve 


B AIR system controls 
B Speed control actuator 
B Interior ventilation door actuators. 
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Hose and Line Leaks 
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Figure 8-29 — Sources of leaks in vacuum lines 


Leaks in vacuum supply lines may be heard as a 
hissing noise. Follow the noise. Sometimes 
wiggling the lines may help you find the leak 
because the sound will change. Look for the 
following: 


B Disconnected lines 

B Burned or melted lines near exhaust manifolds 
B Broken lines 

m Chafing cuts 

m Small cracks 
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5/32" O.D. 


WRONG SIZE HOSE 


Figure 8-30 — Loose fitting vacuum line 


Leaks may occur at connectors due to defective 
hose connections. Gently pull on hoses at 
connections to see if they are loose. 


Hard lines may not fit tightly on the connectors 
because the rubber does not expand and 
contract with temperature changes. Vacuum lines 
become hard and brittle from age and heat. Even 
if they are not leaking, brittle and hard lines 
should be replaced because they may break at 
any time. 
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Figure 8-31 — Soft vacuum line 


Soft lines may be drawn closed by the vacuum, 
so that vacuum will not flow. Rubber vacuum lines 
may swell and become soft from exposure to oil 
or fuel. Swelling may cause a loose fit at 
connections. Soft or swollen lines should be 
replaced. 
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Vacuum Valve Leaks 


Vacuum control valves may leak. Also, they may 
malfunction so that vacuum flows when it should 
not, or does not flow when it should. 


VACUUM 
DIAPHRAGM 


VACUUM 
SOURCE 


Figure 8-32 — Typical thermostatic vacuum valves (switches) 


Some vacuum valves open and close by 
temperature. They may be called thermostatic 


vacuum valves or thermostatic vacuum switches. 
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Figure 8-33 — Typical vacuum relay valve 
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Some vacuum valves operate like a relay. They 
use a small vacuum signal to control a larger 
vacuum flow, such as a vacuum operated 
canister purge valve. 
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Figure 8-34 — Typical vacuum solenoid valve 


Some vacuum valves are operated by solenoids. 
They open or close when the solenoid is 
energized, depending on whether they are 
normally open or normally closed. 


AIR DOOR 
VACUUM MOTOR 


Figure 8-35 — Testing vacuum system with vacuum pump 


Vacuum operated systems can be tested by 
disconnecting the vacuum hose from a point 
upstream from the suspected leak and 
connecting a hand operated vacuum pump to the 
hose. Operate the pump to develop the amount 
of vacuum normally applied in the system. Watch 
the gauge on the hand pump to see if it leaks 
down rapidly. Many vacuum systems leak slightly, 
so it is normal for the vacuum to leak down after 
many seconds. 
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Figure 8-36 — Testing vacuum valves 
Valves that are normally open must be operated 
to determine if they leak. 


To do this, apply vacuum to valve. Then do the 
following: 


B Heat or cool a thermostatic vacuum valve 


B Apply a signal vacuum to a vacuum operated 
vacuum valve 


E Energize a solenoid vacuum valve. 
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Intake Manifold Leaks 


Vacuum leaks may occur at mating surfaces of 
intake manifolds. There are generally two or three 
mating surfaces with gaskets that may leak: 


B Throttle body to intake manifold 
B Intake manifold to cylinder head 


ш Upper to lower sections of two-piece intake 
manifold. 
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Figure 8-37 — Sealing surface between throttle body 
and intake manifold 


The gasket between the throttle body and intake 
manifold may leak. Re-torquing the bolts may 
stop the leak. 
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INTAKE MANIFOLD TO CYLINDER HEAD 
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Figure 8-38 — Sealing surface between intake manifold 
and cylinder head 


The gasket between the intake manifold to the 
cylinder head may leak. V-type engines have one 
gasket for each cylinder bank. Re-torquing the 
bolts to specification may stop the leak. 
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TWO-PIECE INTAKE MANIFOLD 
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Figure 8-39 — Typical two-piece intake manifold 


The gasket between the upper and lower 
sections of two-piece intake manifolds may leak. 
Re-torquing the bolts to specification may stop 
the leak. 


INTAKE SYSTEM RELATED CONDITIONS & SYMPTOMS 


INTAKE SYSTEM RELATED CONDMONS & SYMPTOMS 


FINDING HARD-TO-FIND VACUUM 
LEAKS 


Improper routing of vacuum hoses may result ina 
vacuum leak if a hose is connected to something 
that vents to atmosphere. Also, if hoses are 
misrouted, the system may operate improperly. 
Before spending time attempting to locate hard- 
to-find vacuum leaks, verify that the hoses are 
properly routed. 


1993 
Taurus /Sable 


Electrical & Vacuum Troubleshooting Manual 


Figure 8-40 — Electrical/Vacuum Troubleshooting Manual 


Refer to the Electrical and Vacuum 
Troubleshooting Manual (EVTM) or the Service 
Bay Diagnostic System (SBDS) for vacuum hose 
routing diagrams for the vehicle being serviced. 
The vacuum hose routing diagram for engine 
systems is on the Vehicle Emission Control 
Information decal in the engine compartment. 
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FORD MOTOR COMPANY VACUUM HOSE ROUTING 
VEHICLE EMISSION CONTROL INFORMATION 


VEHICLE IS EQUIPPED WITH ELECTRONIC FUEL INJECTION. IDLE MIXTURE,COLD 
ENGINE IDLE SPEED AND COLD ENGINE FUEL ENRICHMENT ARE NOT ADJUSTABLE. 


pe Lr те Аы al MAKE ALL ADJUSTMENTS WITH ENGINE AT 
NORMAL OPERATING TEMPERATURE, TRANSMISSION IN NUETRAL AND ACCESSORIES OFF. 


IGNITION ая 

(1) TURN OFF 

(2) DISCONNECT Ды IN-LINE SPOUT CONNECTOR (-00). 
(3) RE-START PREVIOUSLY WARMED-UP ENGINE. 

(4) ADJUST IGNITION TIMING TO 10° BTDC 


(5) TURN OFF ENGINE AND RESTORE ELECTRICAL CONNECTION. 


THIS ENGINE IS EQUIPPED WITH AUTOMATIC IDLE SPEED CONTROL. IDLE 
RPM IS NOT ADJUSTABLE. IF NOT WITHIN SPECIFIED RPM RANGE, SEE SHOP MANUAL: 
MANUAL TRANS. IN NEUTRAL: 770-830 RPM 
AUTO. TRANS. IN DRIVE: 770-830 RPM 
USE SAE SW-30 OIL АРІ SERVICE SG - ENERGY CONSERVING ІІ. 
THIS VEHICLE CONFORMS TO U.S. EPA REGULATIONS APPLICABLE TO 1990 MODEL YEAR 
NEW MOTOR VEHICLES. 


РОАЕ-9С485- SPARK PLUG: AWSF-44C GAP- .042- .046 
DBB CATALYST 2.3L-9HM -  FRONT OF VEHICLE 
LFM2.3V5FFF: - TWC/HO2S/EGR/MPI 


Figure 8-41 — Vehicle Emission Control Information decal with vacuum hose routing diagram 


Vacuum leaks that cannot be visibly detected 
may be located with the following methods: 


Disconnect Idle Air Control (IAC), then pinch 
rubber lines closed with pliers as close as VACUUM HOSE 
possible to the vacuum source while the engine 
idles and listen for a change of RPM. Or 
disconnect and plug lines. Do not pinch plastic 
lines because damage to the lines may result. 
Lines to devices that provide a controlled vacuum 
leak during the idle mode, such as the line to the 
РСУ valve, should not be tested this way 
because the RPM may change with the system 
operating normally. 


Figure 8-42 — Isolate systems to locate vacuum leaks 
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Figure 8-43 — Vacuum leak detector 


Use an ultrasonic leak detector. Hold the probe 
near suspected locations of vacuum leaks and 
read the meter. 


NORMAL VACUUM LEAKS 


Some devices normally leak some vacuum. The 
PCM is programmed to calculate for the amount 
of air that will flow from such leaks during various 
conditions. The PCM uses this calculation to 
adjust the amount of fuel required during these 
conditions. These two vacuum leaks are normal: 


B Vent port on thermostatic vacuum switch for 
heated air intake 


B Throttle body shaft journals 
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THROTTLE 
PLATE SHAFT 
HOLE 


Figure 8-44 — Throttle plate shaft pivot hole 


The throttle plate shaft passes through an 
opening on the throttle body on one or both sides. 
A small amount of air can pass between the shaft 
and the hole. When propane or carburetor 
cleaner are applied to the pivot point the idle 
speed and quality may change slightly. However, 
if idle quality and speed change greatly, this may 
indicate that the hole or shaft is excessively worn. 
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Figure 8-45 — Heated air intake switch 


The thermostatic switch for heated air intake 
vents to the atmosphere when it is in its warm 
position. 
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CONTROLLED VACUUM LEAKS 


Some vacuum operated systems draw air mixed 
with blow-by gases and fuel vapors under 
controlled conditions, such as PCV and EVAP 
purge. PCV and EVAP canister purge create 
controlled vacuum leaks. They are called 
controlled vacuum leaks because the amount of 
air flow is programmed into the PCM. If these 
systems allow more air flow than normal, the 
result is an uncontrolled vacuum leak. Causes of 
uncontrolled vacuum leaks in these systems 
include the following: 


m PCV valve stuck in maximum flow position 


m Wrong PCV valve (incorrect flow rate for the 
engine) 


Ш CANP valve stuck open 


HOUSING 


Figure 8-46 — Typical PCV valve 
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INTAKE AIR CONTAMINATION 


Intake air may be contaminated by the operation 
of other systems. Contaminants include the 
following: 


Bi Fuel vapors (EVAP system) 
B Exhaust gases (EGR system) 
E Blow-by gases (PCV system) 


Evaporative Emission Control 


FUEL TANK 
VAPOR HOSE 


CARBON 
CANISTER 


Figure 8-47 — Typical evaporative emission control 
system 
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Evaporative Emission Control (EVAP) systems 
store vapors from the fuel tank in a carbon 
canister. The vapors are purged from the canister 
by engine vacuum which draws fresh air through 
the carbon. The air carries the fuel vapors 
through the canister purge line into the engine air 
intake. The fuel vapors and air from the canister 
mix with the fresh air in the intake manifold. 


The percentage of fuel in the mixture of air and 
fuel vapor entering the engine cannot be 
measured. The percentage of fuel depends on 
how much fuel vapor was stored in the canister 
and the rate of evaporation during canister purge. 
Generally the air and fuel vapors from the carbon 
canister contain a very small percentage of fuel 
vapor. Therefore, the air and fuel vapors from the 
canister do not significantly richen the overall air/ 
fuel ratio of the charge entering the cylinders. 


There is so little fuel vapor that the air and fuel 
vapor mixture has the effect of a vacuum leak. 
The canister is purged during cruise and light 
acceleration modes because the air/fuel mixture 
desired for these conditions is lean, and the EEC 
system is operating in a closed-loop mode so 
actual air/fuel ratio is fine- tuned by inputs from 
the oxygen sensor. 


Canister purge does not normally occur during 
idle, hard acceleration/high load and engine 
warm-up modes. This is because rich air/fuel 
mixtures are normal in these conditions. Canister 
purge may dilute the air/fuel mixture with air. The 
EEC system is operating in an open-loop mode 
so air/fuel ratio cannot be adjusted by inputs from 
the oxygen sensor. 
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Exhaust Gas Recirculation 
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Figure 8-48 — Typical EGR system 


Exhaust Gas Recirculation (EGR) is used during 
cruise and light acceleration modes to allow the 
use of lean air/fuel mixtures without causing NOx 
formation and detonation. Exhaust gases are 
added to the intake charge to dilute the intake 
charge, which results in lower combustion 
temperatures, which results in lower cylinder 
pressure and reduction of the formation of NOx 
exhaust emissions. 


The exhaust gases fill part of the cylinder volume 
and fresh charge fills the rest. The result is a 
volume of gases in the cylinder to produce high 
compression pressures for efficient combustion. 
However, part of the gases are not combustible, 
so less heat and pressure is produced than from 
the same volume of pure charge. During cruise 
and light acceleration modes, lean air/fuel 
mixtures can be used to reduce HC and CO 
exhaust emissions and increase fuel economy. 
However, lean air/fuel mixtures cause high 
combustion temperatures unless EGR is used. 
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EGR is not required during starting and warm-up 
because combustion temperatures are too low to 
cause NOx and detonation. EGR should not 
occur during starting, engine warm-up and idle 
modes because it is difficult to obtain and 
maintain good combustion in those conditions. 
Diluting the air/fuel mixture with exhaust gases 
would reduce already marginal power production 
or cause misfires. Generally, EGR is not required 
during hard acceleration/heavy load. This is 
because combustion temperatures are lowered 
by the rich air/fuel mixtures used, and by 
increased exhaust backpressure that occurs 
during those conditions. 


Improper EGR flow can upset air/fuel ratio two 
ways: 


B Uncontrolled EGR flow 
B Lack of EGR flow 
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^ UNCONTROLLED EGR FLOW 


Uncontrolled EGR flow has the same affect as a 
vacuum leak. An unmeasured amount of gases 
enter the cylinders and displace some of the air/ 
fuel mixture. 
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Figure 8-49 — Typical EGR valve 


Causes of uncontrolled EGR flow include: 
m EGR valve pintle stuck open 


B Leak between ports in gasket at base of EGR 
valve allowing intake manifold vacuum to draw 
exhaust gases at all times 


B Improperly routed vacuum line(s) causing 
vacuum to be applied to the EGR valve 
diaphragm when EGR is not desired 


а Malfunction of solenoid valves which control 
vacuum to EGR valve diaphragm allowing 
constant flow of vacuum 
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LACK OF EGR FLOW 


EGR flow is required when lean air/fuel mixtures 
are used (except during deceleration). Detonation 
and excessive NOx emissions may occur if EGR 
flow is abnormally low or absent. 
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Figure 8-50 — Carbon clog in EGR path 


Causes of low or no EGR flow include the 
following: 


i EGR ports clogged by carbon build-up 
ш EGR valve pintle stuck closed 


B Leak in gasket at base of EGR valve allowing 
manifold vacuum to draw fresh air instead of 
exhaust gases 


B Leak in EGR valve diaphragm or EGR system 
vacuum hoses 


8 Improperly routed vacuum line(s) failing to 
allow flow of vacuum to EGR valve diaphragm 
when EGR is required 


а Malfunction of solenoid valves which control 
vacuum to EGR valve diaphragm failing to 
allow flow of vacuum to EGR valve diaphragm 
when required 
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Positive Crankcase Ventilation 
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Figure 8-51 — Normal path of blow-by gases and fresh 
air 


Positive Crankcase Ventilation (PCV) systems 
use manifold vacuum to remove blow-by gases 
from the crankcase. The blow-by gases enter the 
intake manifold at a rate controlled by the PCV 
valve and mix with the charge for burning in the 
cylinders. Fresh air from the air cleaner assembly 
enters the crankcase through the closure tube to 
prevent vacuum in the crankcase. Also, the 
closure tube provides a path of escape for blow- 
by gases during hard acceleration and high load 
conditions when the amount of blow-by gases 
may exceed the capacity of the PCV valve. This 
prevents pressure build-up in the crankcase. 
Pressure or vacuum in the crankcase may 
damage oil seals and gaskets. 
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Figure 8-52 — Excessive blow-by gases escape through 
closure hose 


An exceptional amount of blow-by gases may 
affect air/fuel ratio. Blow-by gases consist of un- 
burned air/fuel mixture and exhaust gases. Also, 
when an exceptional amount of blow-by gases 
are entering the crankcase, they tend to create 
turbulence that causes splashing oil to vaporize 
and mix with the blow-by gases. The fuel and oil 
in PCV system gases is combustible. Therefore, 
an excessive amount of blow-by gases entering 
the air intake may cause the air/fuel mixture to be 
richer. A clue that blow-by may be excessive is 
the presence of oil in the air cleaner. This is 
because the volume of blow-by gases may be 
greater than the amount that can escape through 
the PCV valve. The rest will travel into the air 
cleaner through the closure hose, which is 
opposite the normal direction of fresh air from the 
air cleaner to the crankcase. 


A small amount of oil in the PCV closure tube 
filter element is normal. This is because the 
amount of blow-by gases may be higher than can 
escape through the PCV valve during hard 
acceleration and high load conditions. 


A loose fitting oil cap or dipstick can cause 
excessive air flow through the PCV because it 
acts like a vacuum. 


DIAGNOSTIC REFERENCE SOURCES 


Tests and diagnostic routines for the air intake 
system and vacuum operated devices are in the 
service and PCED manuals. 


This is the end of Lesson 8. Now view Lesson 8 on the video tape, and answer the Progress Check 


questions. 
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^. LESSON 8 — PROGRESS CHECK QUESTIONS 


— 


Technician A says that in order for fuel to burn properly it must be atomized and vaporized. 
Technician B says that improper fuel atomization and vaporization can cause driveability symptoms. 
Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 
D. Neither Technician 


m 


Technician A says that a buck/jerk symptom cannot be caused by the fuel system. Technician B 
says that if the fuel system is responsible for a hesitation or stumble symptom a rich condition must 
be present. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


о 


А cooling system thermostat that is stuck open is most likely to cause which of the following: 
A. poor fuel economy. 

B. detonation. 

C. low idle. 

D. surge. 


INTAKE SYSTEM RELATED CONDITIONS & SYMPTOMS 8-37 


INTAKE SYSTEM RELATED CONDITIONS & SYIVIPTOIVIS 


LESSON 8 — PROGRESS CHECK ANSWERS 


Technician A says that in order for fuel to burn properly it must be atomized and vaporized. 
Technician B says that improper fuel atomization and vaporization can cause driveability symptoms. 
Who is correct? 


A. Technician A 

B. Technician B 
(С) Both Technicians 
D. Neither Technician 


— 


Improperly atomized or vaporized fuel can cause driveability concerns. The concern that exists 
depends on the severity of the condition. 


m 


Technician A says that a buck/jerk symptom cannot be caused by the fuel system. Technician B 
says that if the fuel system is responsible for a hesitation or stumble symptom a rich condition must 
be present. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
(0) Neither Technician 
A fuel delivery or fuel metering concern can cause a lean condition which could cause a buck/jerk 


symptom. A hesitation or stumble existing as a result of a fuel related concern is typically due to a 
lean air/fuel condition. 


3. А cooling system thermostat that is stuck open is most likely to cause which of the following: 


poor fuel economy. 


B. detonation. 
C. low idle. 
D. surge. 


A thermostat that is stuck open will cause the engine not to reach proper operating temperature as 
quickly as it should. As a result the air/fuel ratio will be rich in comparison with what it would be on 
an engine at normal operating temperature. 
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LESSON 8 — PROGRESS CHECK QUESTIONS (СОМТО.) 


4. 


p 


D 


N 


Technician A says spark knock can occur if the cooling system thermostat is stuck closed. 
Technician B says that spark knock can occur if combustion chamber temperatures are too high. 
Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


Which of the following would not affect air flow into the engine? 

A. Air filter 

B. MAP sensor 

C. Turbo charger 

D. Air change cooler 

Technician A says an improperly operating high speed inlet air control valve can cause a lack of 


power symptom. Technician B says the high speed inlet air system allows more air to be delivered 
into the engine at higher speeds. Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 

D. Neither Technician 

Technician A says that a cracked canister purge vacuum line will only affect cylinder 1 and 3 on a 


four cylinder engine. Technician B says that a leaky intake manifold gasket will always cause a lean 
condition in all cylinders. Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 
D. Neither Technician 
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LESSON 8 — PROGRESS CHECK ANSWERS (СОМТО.) 


4. Technician A says spark knock can occur if the cooling system thermostat is stuck closed. 
Technician B says that spark knock can occur if combustion chamber temperatures are too high. 
Who is correct? 


A. Technician A 
B. Technician B 

(С) Both Technicians 
D. Neither Technician 
A thermostat that is stuck closed would not allow coolant to recirculate thereby causing the engine 
to overheat. Hot combustion chamber temperatures can cause spark knock and detonation. 
Therefore an overheated engine caused by a stuck closed thermostat could cause spark knock. 

5. Which of the following would not affect air flow into the engine? 

A. Air filter 

(в) МАР sensor 
С. Turbo charger 
D. Air change cooler 
А МАР sensor detects engine load by monitoring intake manifold vacuum and pressure. It does not 


affect air flow into the engine. All of the other components listed are directly involved with engine 
intake air flow. 


6. Technician A says an improperly operating high speed inlet air control valve can cause a lack of 
power symptom. Technician B says the high speed inlet air system allows more air to be delivered 
into the engine at higher speeds. Who is correct? 


A. Technician A 

B. Technician B 
(С) Both Technicians 
D. Neither Technician 


The high speed inlet air system is designed to allow more air flow at higher speeds. If the system 
did not operate properly a lack of power could be perceived. 


7. Technician A says that a cracked canister purge vacuum line will only affect cylinder 1 and 3 on a 
four cylinder engine. Technician B says that a leaky intake manifold gasket will always cause a lean 
condition in all cylinders. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
© Neither Technician 
A cracked purge vacuum line would allow unmetered air flow which would affect all cylinders. An 


intake manifold gasket can leak at an individual runner causing a lean condition only in the adjacent 
cylinder. 
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^. LESSON 8 — PROGRESS CHECK QUESTIONS (CONT D.) 


8. Technician A says vacuum leaks can be detected by pinching vacuum hoses or lines with the 
engine running at idle and listening for RPM changes. Technician B says that a sonic leak detector 
can be used to detect vacuum leaks. Who is correct? 


А, Тесһпісіап А 

В. Technician В 

С, Both Technicians 
D. Neither Technician 
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LESSON 8 — PROGRESS CHECK ANSWERS (CONTD.) 


8. Technician A says vacuum leaks can be detected by pinching vacuum hoses or lines with the 


engine running at idle and listening for RPM changes. Technician B says that a sonic leak detector 
can be used to detect vacuum leaks. Who is correct? 


A. Technician A 

B. Technician B 

(С) Both Technicians 
D. Neither Technician 


Both methods can be used to detect vacuum leaks. 
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LESSON 9: FUEL SYSTEM RELATED CONDITIONS 
AND SYMPTOMS 
Where does this lesson fit into the Diagnostic Procedure? 


This lesson covers steps one, two, three and four of the Diagnostic 
Procedure. The information in this lesson explains the relationship 
between abnormal air/fuel mixtures and fuel delivery system 
components that may be the root cause of those abnormal 
conditions. 


Abnormal fuel system conditions take two forms: 
ш Lean air/fuel mixtures 
ш Rich air/fuel mixtures 


Objective: 
Using the information provided in this lesson you will be able to 


identify the driveability symptoms commonly associated with the fuel 
and air intake/inlet systems. 
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-- ABNORMAL AIR/FUEL RATIO 


Abnormal air/fuel ratio may be caused by the fuel 
system due to malfunctions that cause the 
following conditions: 


m Improper fuel delivery pressure 
m Improper fuel injector flow rate 


Improper Fuel Delivery Pressure 


Improper fuel pressure means that the pressure 
is either too low or too high. 


LOW FUEL PRESSURE: 


Low fuel pressure causes less fuel to be 
discharged during the time that the fuel injector is 
energized. Reduced fuel flow causes a lean air/ 
fuel mixture. Low fuel pressure may affect one or 
all of the injectors. 


Low fuel pressure to all injectors may be caused 
by inadequate fuel delivery due to these 
components: 


B Clogged fuel filter or screens (restriction) 


ш Kinked or crushed fuel hoses and lines 
(restriction) 


m Malfunctioning fuel pump (inadequate volume 
capability) 


B Fuel tank vacuum/pressure relief valve 
(generally located in fuel filler cap) not allowing 
air to relieve vacuum in tank 


m Malfunctioning fuel pressure regulator 
B Fuel tank distortion blocking pickup screen 


FUEL SYSTEM RELATED CONDITIONS & SYMPTOMS 


No fuel pressure to all injectors may be caused 
by no fuel delivery due to these components: 


ш No fuel in tank 
B Fuel tank distortion blocking fuel inlet 
ш Clogged fuel filter or screens 


m Kinked, crushed or clogged fuel supply hoses 
and lines 


ш Open circuit to fuel pump (Powertrain Control 
Module (PCM), fuel pump relay, Inertia Fuel 
Shut-off (IFS) switch) 


m Inoperable fuel pump 
m High resistance in fuel pump circuit 


Low or no fuel pressure to individual injectors 
may be caused by the following: 


m Kinked, crushed or clogged fuel manifold (fuel 
rail) 


Generally, injectors upstream from the 
obstruction receive high fuel pressure when 
injectors downstream from the obstruction 
receive low or no fuel pressure. 


HIGH FUEL PRESSURE 


High fuel pressure may cause a rich air/fuel 
mixture. This is because a greater volume of fuel 
is forced through the injector during the time that 
itis open. 


High fuel pressure may be caused by the 
following: 


m Malfunctioning fuel pressure regulator 


B Loss of vacuum signal to fuel pressure 
regulator 


m Kinked, crushed or clogged fuel return hoses 
and lines 


m Wrong fuel pump 
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FUEL LINES AND HOSES 


The causes for low or high fuel pressure may be 
damaged fuel lines or hoses. It is very important 
to use the correct type of hose and line when 
repairs are made. Incorrect hose type may 
quickly deteriorate when it is exposed to liquid 
fuel or fuel vapor, fuel system pressures and 
extreme high and low temperatures. Incorrect 
metal lines may corrode, and cause leaks or 
release particles on the inside of the lines which 
could clog filters or block lines. 


To prevent damage, fuel lines must be mounted 
and routed according to the diagrams in service 
manuals. 


Improper mounting may cause: 

т leaks due to chafing 

B kinks 

B damage from moving parts or road hazards 


ш damage from exposure to hot exhaust system 
parts 
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Leaks Due to Chafing 


FUEL LINE 
CONTACTING FLANGE 


Figure 9-1 — Chafing damage 
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Kinks Damage from Moving Parts or Road 
Hazards 


Figure 9-2 — Kink 


Figure 9-3 — Possible damage from moving parts 
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Damage from Hot Exhaust System Parts CLOGGED INJECTOR 


EXHAUST 
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Figure 9-5 — Poor spray pattern and reduced flow 


A clogged injector may allow less or no fuel to 
flow, depending on the severity of the clog. A 
clogged injector may cause a lean air/fuel mixture 
in the cylinder that it serves. 


A clog may occur in the following places: 
m In the inlet filter screen from foreign material 


Figure 9-4 — Exposure to excessive heat ш Inside the injector from varnish build-up 


. ) ш At the nozzle from carbon build-up 
Melting from exposure to excessive heat may 


either block flow or cause leaks. Prolonged 
exposure to heat makes lines brittle and they may 
crack or break, causing leaks. 


Improper Fuel Injector Flow 


Improper fuel injector flow may be caused by 
either of the following: 


m Clogged injector 
ш Inoperable injector 
B Leaking injector 
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Figure 9-6 — Open circuit from PCM to fuel injector 


An inoperable fuel injector allows no fuel to flow. 
An inoperable fuel injector causes a no fuel/all air 
condition in the cylinder that it serves. 


An inoperable fuel injector may be caused by the 
following: 


B High resistance or open in the circuit to the 
injector 


Figure 9-7 — Leaking fuel injector 


B Internal mechanical or electrical failure in the 
injector A leaking injector may allow fuel to flow when the 
injector is supposed to be closed. Depending on 
the severity of the leak, full flow or partial flow 
may occur with the injector de-energized. A rich 
air/fuel mixture may occur in the cylinder served 
by the leaking injector. 
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Run-on (Dieseling) 


Leaking fuel injectors may cause another 
driveability symptom: run-on (dieseling). Run-on 
is called dieseling because the air/fuel mixture 
ignites from residual heat on a hot spot in the 
combustion chamber. There is no spark because 
the ignition system stops operating when the key 
is turned off. The spark knock symptom is usually 
also noticeable during run-on because heat- 
induced ignition is not timed. Heat-induced 
ignition occurs during the compression stroke. 
Fuel injected engines generally do not experience 
run-on because fuel is not provided after the key 
is turned off. However, run-on may occur in a fuel 
injected engine if the following two abnormal 
conditions occur at the same time: 


B Several leaking fuel injectors 


B Overheated combustion chambers to ignite the 
air/fuel mixture 


A run-on condition should be checked 
immediately. Pressures put on mechanical 


components under this condition could be severe. 


Causes Of Leaking Injectors 


A leaking fuel injector may be caused by one of 
the following: 


B Internal varnish build-up 
B Carbon in the nozzle blocking the pintle return 
ш Failure of internal spring 


SERVICING MALFUNCTIONING FUEL 
INJECTORS 


Fuel injectors are not repairable. Varnish and 
carbon build-up may be removed using specific 
equipment and cleaning solutions. Refer to 
instructions that come with the fuel injector 
cleaning equipment and chemicals. 


Deposit Resistant Injectors (DRI) have eliminated 
the carbon buildup lean fuel condition. No 
cleaning is needed on DRI equipped engines. 
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Figure 9-8 — Fuel boiling in fuel line 


Vapor lock may cause extremely lean air/fuel 
mixtures. Vapor lock means that fuel lines that 
should be filled with liquid, contain vapor. Fuel 
may evaporate (boil) in supply lines. Extreme 
lean air/fuel mixtures will result. This is because 
the amount of fuel that flows through the injector 
is much lower when the fuel is a vapor than when 
itis a liquid. Fuel evaporation in supply lines 
generally does not occur when the engine is 
running. This is because the fuel pump and 
pressure regulator keep the fuel under pressure. 
Just as a radiator pressure cap increases the 
boiling point of coolant, the pressure in the fuel 
supply lines increases the boiling point of fuel. 


Fuel evaporation in lines can cause hard starting. 
This is due to a lean air/fuel mixture during the 
first several revolutions of the engine. This is 
because the fuel injectors receive vapor fuel for 
the first several intake strokes. Fuel pressure 
returns to normal after the vapors are pumped 
out, and the fuel pump runs long enough to refill 
the supply system with liquid fuel. Hard starting 
may occur even after the engine has cooled and 
the vaporized fuel condenses into a liquid. 
However, the evaporation process displaced 
some of the liquid fuel. 
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There аге three causes for vapor lock that тау 
occur with fuel injected engines: 


B Fuel pressure loss after engine shut off 
B Winter blend gasoline in warm weather 


Fuel lines mounted too close to hot exhaust 
system parts 


Fuel Pressure Loss 


Any malfunction that allows fuel pressure to drop 
may allow the fuel to boil in the lines. Fuel 
evaporation in supply lines will likely only occur 
after the engine is turned off. This is because the 
fuel pump and pressure regulator maintain 
pressure when the engine is running. Fuel supply 
pressure may drop with.the engine off if these 
components are leaking: 


ш Fuel injector(s) 
B Fuel pressure regulator diaphragm 
а Fuel pump outlet check valve 


от Fuel supply lines or fittings 


Winter Blend Fuel 


Winter blend fuel is designed to evaporate 
quicker in cold weather. This aids in cold weather 
engine starting. Just as low fuel pressure can 
create vapor lock, winter blend fuel can also 
duplicate this condition in warmer weather. Since 
the rate of evaporation in winter blend fuel is fixed 
to accommodate colder temperatures, a sudden 
increase in temperature may cause the fuel to 
evaporate (boil) too quickly. 
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Hot Fuel Lines 


Improperly mounted fuel lines that are too close 

to extremely hot exhaust system parts may cause 
fuel to boil in supply lines. This is especially likely 
if fuel pressure drops after the engine is shut off. 


DIAGNOSTIC REFERENCE SOURCES 


Tests and diagnostic routines for the fuel system 
are in the shop service and PCED manuals and 
instructions provided with Rotunda tools. 


This is the end of Lesson 9. Now view Lesson 9 on the video tape, and answer the Progress Check 


questions. 
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LESSON 9 — PROGRESS CHECK QUESTIONS 


2; 


Technician А says spark knock may be associated with dieseling. Technician В says dieseling can 
only occur when abnormal conditions exist in more than one cylinder. Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 

D. Neither Technician 

Technician A says a hard start condition may be caused by low fuel pressure. Technician B says low 
fuel pressure may cause vapor lock: Who is correct? 

A. Technician A 

B. Technician B 

C. Both Technicians 

D. Neither Technician 

Technician A says leaking fuel injectors may cause fuel supply pressure to drop when the engine is 


off. Technician B says fuel supply pressure will drop with the engine off if the fuel pressure regulator 
vacuum line is disconnected. Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 

D. Neither Technician 

Technician A says vapor lock is caused by fuel boiling in the supply lines. Technician B says vapor 
lock is a main cause of engine flooding. Who is correct? 

A. Technician A 

B. Technician B 

C. Both Technicians 

D. Neither Technician 
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LESSON 9 — PROGRESS CHECK ANSWERS 
1. Technician A says spark knock may be associated with dieseling. Technician B says dieseling can 
only occur when abnormal conditions exist in more than one cylinder. Who is correct? 
A. Technician A 
B. Technician B 
(С) Both Technicians 
D. Neither Technician 


Spark knock is usually noticeable during engine run-on because heat-induced ignition is not timed. 
Also, dieseling requires more power than only one cylinder can produce. 


Technician A says a hard start condition may be caused by low fuel pressure. Technician B says low 
fuel pressure may cause vapor lock. Who is correct? 


m 


A. Technician A 

B. Technician B 
(С) Both Technicians 
D. Neither Technician 


Any malfunction that allows fuel pressure to drop may allow fuel to boil in the lines causing various 
driveability problems. 


Technician A says leaking fuel injectors may cause fuel supply pressure to drop when the engine is 
off. Technician B says fuel supply pressure will drop with the engine off if the fuel pressure regulator 
vacuum line is disconnected. Who is correct? 


(A) Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


о 


A leaking fuel injector would allow system pressure leak-down because fuel pump operation ceases 
with the engine off. 


Technician A says vapor lock is caused by fuel boiling in the supply lines. Technician B says vapor 
lock is a main cause of engine flooding. Who is correct? 
(A) Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


7” 


When liquid fuel boils it turns into a vapor causing extremely lean air/fuel mixtures. The root causes 
of vapor lock are excessive heat and pressure leak-down. 
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^. LESSON 9 — PROGRESS CHECK QUESTIONS (CONTD.) 


5. Technician A says that incorrect air/fuel ratios may be caused by improper fuel delivery pressure. 
Technician B says that incorrect air/fuel ratios may be caused by improper fuel injector flow rate. 
Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 
D. Neither Technician 


6. Ahigh resistance in a SEFI fuel injector may cause which of the following: 
A. Clogged injector 
B. Leaking injector 
C. Inoperative injector 
D. None of the above 
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LESSON 9 — PROGRESS CHECK ANSWERS (CONTD.) 


5. Technician A says that incorrect air/fuel ratios may be caused by improper fuel delivery pressure. 
Technician B says that incorrect air/fuel ratios may be caused by improper fuel injector flow rate. 
Who is correct? 


A. Technician A 

B. Technician B 
(C) Both Technicians 
D. Neither Technician 


Fuel delivery pressure and fuel injector flow rate determine the volume of fuel forced through the 
injector during the time that it is open. 


о 


A high resistance іп а SEFI fuel injector may cause which of the following: 
A. Clogged injector 
B. Leaking injector 
(С) Inoperative injector 
D. None of the above 
The PCM tries to provide the optimum air/fuel ratio for the conditions. However, it is limited by the 


quality of information that it receives and outputs. Therefore, changes in circuit resistance may 
prevent injector operation. 
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LESSON 10: EEC SYSTEM RELATED CONDITIONS 


D 

| AND SYMPTOMS 

A Where does this lesson fit into the Diagnostic Procedure? 

G This lesson covers steps one, two, three and four of the Diagnostic 
Procedure. The information in this lesson explains the relationship 

N between abnormal air/fuel mixtures and the EEC system. 

O Information from the second course in the Engine Performance 

S Curriculum, “Essentials of Driveability,” is used in this lesson. It may 

T be helpful to refer to the workbook for that course while studying this 

! lesson. 

C Objective: 
Using the information provided in this lesson you will be able to 
identify the driveability symptoms commonly associated with the fuel 

p and air intake/inlet systems. 
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^, EEC SYSTEM CONTROL OF ENGINE 


SYSTEMS 


The PCM receives information from various 
sensors to determine the amount of oxygen and 
operating conditions. Then the PCM adjusts the 
pulse width of the fuel injectors to provide the 
optimum air/fuel mixture. More fuel is provided 
with larger amounts of oxygen, such as from 
increased air flow or denser air from low 
temperature or high barometric pressure. Richer 
air/fuel mixtures are provided during cold 
conditions to compensate for poor vaporization. 
Richer air/fuel mixtures are provided during high 
load conditions to produce additional power and 
prevent spark knock. Leaner air/fuel mixtures are 
provided during low-load cruise and deceleration. 


EEC systems use sensors to detect operating 
conditions and report them to the PCM so that the 
PCM can adjust the following: 


@ Fuel injector pulse width 

ш Ignition spark timing 

B Exhaust gas recirculation flow 

B Evaporative emission system canister purge 
B Secondary air injection system air direction 


Abnormal Inputs and Air/Fuel 
Mixture 


The Powertrain Control Module (PCM) tries to 
provide the optimum air/fuel mixture for the 
operating conditions. It is limited by the quality of 
the information that it receives and the amount of 
adjustment possible. Malfunctions in the EEC 
system may provide incorrect information to the 
PCM. The PCM may also cause abnormal air/fuel 
ratios. 


False inputs may be caused by the following: 
B High resistance in wiring 

B Opens in wiring 

B Shorts to ground in wiring 

Bi Shorts to another circuit in wiring 

Bi Inoperative or malfunctioning sensors 
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EEC System Reaction to 
Malfunctions 


The PCM may compensate for some fuel delivery 
and air inlet system malfunctions if they are not 
too severe. PCM compensation is especially 
active during closed loop operation when 
feedback information is provided by the Oxygen 
Sensor (025). During closed loop operation, the 
oxygen sensor signal to the PCM will report an 
abnormal rich or lean condition. For example, if 
fuel pressure is slightly high, a rich mixture 
results. 


The PCM will reduce the pulse width of a bank or 
all injectors until a stoichiometric mixture is 
achieved. However, the EEC system may also 
cause abnormal conditions if one of the following 
conditions occur: 


B The information it receives is incorrect 


B The outputs it provides do not produce the 
intended actuation 


ш The information it receives is affected by 
abnormal conditions caused by other systems. 


FUEL INJECTOR PULSE WIDTH 


Multiport Fuel Injection (МЕ!) timing systems may 
cause an abnormal air/fuel ratio in cylinders with 
normal fuel delivery. This is because the PCM 
reacts to abnormal combustion in one or more 
cylinders by changing the air/fuel mixture in all 
cylinders. The variances are caused by the 
cylinders with abnormal fuel delivery. For 
example, if one cylinder has a rich air/fuel mixture 
due to a leaking injector, the signal from the O2S 
makes the PCM think that the air/fuel mixture in 
all cylinders is too rich. Therefore, the PCM will 
make the mixture leaner to all cylinders. 
Sequential Fuel Injection (SFI) timing systems 
adjust the pulse width of each bank of injectors. 
This is so the air/fuel ratio may be corrected in a 
cylinder bank despite a partially clogged or 
leaking injector if the clog or leak is not too 
severe. 


In the fuel and air intake systems, two conditions 
could occur if EEC system operation is abnormal: 


B Air/fuel mixture is too lean 
B Air/fuel mixture is too rich 
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The relationships between driveability symptoms 
and incorrect air/fuel ratio conditions was covered 
in the lesson for Air Intake Related Conditions 
and Symptoms. Those relationships are not 
repeated in this lesson. 


In addition, abnormal EEC system operation may 
cause other systems to perform improperly and 
affect air/fuel ratios: 

Bi Ignition spark timing too advanced or retarded 


B Exhaust Gas Recirculation flow rate too high or 
too low 

ш Evaporative Emission Control system canister 
purge occurs when it should not or does not 
occur when it should 


ш Secondary Air is directed to the wrong place at 
the wrong time 


IGNITION SPARK TIMING 


CRANKSHAFT POSITION 
SENSOR 


IGNITION 
CONTROL 
MODULE 


BAROMETRIC 
PRESSURE 
SENSOR 


Figure 10-1 — EEC ignition spark timing control 


Ignition spark timing is controlled by the EEC 
system. Spark timing must be adjusted according 
to air/fuel ratio, load and RPM. The PCM may 
provide incorrect ignition spark timing if the signal 
from the Manifold Absolute Pressure (MAP) or 
Barometric Pressure (BARO) sensors are 
incorrect. This is because the PCM relies upon 
the MAP or BARO sensors for load information. 
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CANISTER PURGE TIMING 
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Figure 10-2 — EEC control of EGR 


EGR flow is controlled and monitored by the EEC 
system. Air/fuel ratio may be adjusted according 
to EGR flow rate and other conditions. The PCM 
may provide incorrect air/fuel ratios if the signal 
from the EGR monitoring sensor circuit is 
incorrect. EEC systems that do not directly 
measure EGR flow rate may provide incorrect air/ 
fuel ratios if the EGR flow rate is different than 
expected results of PCM output or EGR Valve 
Position (EVP) sensor input. 


The effect of excessive EGR flow is similar to too 
lean air/fuel mixtures. The exhaust gases dilute 
the charge, so the air/fuel molecules are farther 
apart. Therefore, flame propagation is more 
difficult and flame speed is slower. 
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CANISTER 
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Figure 10-3 — EEC control of canister purge 


Many vehicles control Canister Purge (CANP) 
with a solenoid valve operated by the PCM. If 
canister purge occurs at the wrong time, air/fuel 
ratio may be made richer or leaner than desired. 
Generally, the air/fuel ratio is made leaner 
because the percentage of fuel vapor in the 
purge air is very small. Canister purge should 
only occur during cruise and light acceleration, 
when the EEC system is operating in closed-loop 
mode. In closed-loop mode, inputs from the 025 
allow the PCM to adjust fuel injector pulse width 
to compensate for the amount of fuel added to 
the intake air by the EVAP system. 
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Figure 10-4 — EEC control of secondary air flow 


Catalyst damage and high exhaust emissions 
may occur if the PCM does not control the 
Secondary Air Injection (AIR) system to 
correspond to the air/fuel mixture. During engine 
warm-up, the PCM should direct secondary air to 
the exhaust valve or upstream ports. This is so 
unburned fuel from the rich air/fuel mixture will 
finish burning in the exhaust manifold and so 
converter warm-up will be enhanced. This 
burning will occur in the catalytic converter if 
secondary air goes to the catalytic converter. The 
high temperatures that result may damage the 
catalyst. 
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During conditions when balanced or lean air/fuel 
mixtures are used, secondary air should be 
directed to the catalytic converter to aid the 
reaction process which reduces hydrocarbon 
(HC), carbon monoxide (CO) and oxides of 
nitrogen (NOx). 


During closed-loop modes, secondary air must 
not be provided to the exhaust manifold because 
the air will cause the O2S to send a lean signal to 
the PCM. The PCM will react by providing more 
fuel, regardless of the actual need for more fuel. 
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EEC SYSTEM SELF TESTS 


The PCM has memory to store Diagnostic 
Trouble Codes (DTCs). These codes are set 
when the PCM detects certain malfunctions of 
input and output devices and circuits. The codes 
have two, three or five characters depending 
upon year and model of the vehicle. 


= SELF-TEST 
БІ 


ТІ 
СОММЕСТОН 


DATA LINK 
CONNECTOR 
(DLC) 


Figure 10-5 — Typical diagnostic test connectors 


The location and configuration of the Diagnostic 
Test Connectors varies for different models and 
model years. Refer to the PCED manual for the 
vehicle you are servicing for the location of the 
connector and the terminals for self test input and 
self test output. 
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Some vehicles provide access to input and output 
data that can be read with a special tool. Two of 
these tools are the New Generation Self Test 
Automatic Readout (NGS) tester or the Service 
Bay Diagnostic System (SBDS). Refer to the 
PCED manual for the vehicle you are servicing 
for a chart of code definitions. 
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PINS 1-8 
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Figure 10-6 — Malfunction indicator light 


The PCM illuminates the Malfunction Indicator 
Light (MIL) to alert the driver of certain 
malfunctions. Generally, only malfunctions that 
may increase exhaust emissions will turn on the 
light. The light may not illuminate until the PCM 
has detected a malfunction for a certain period of 
time or number of drive cycles. The light may go 
out if the malfunction corrects itself and does not 
recur for a certain period of time or number of 
drive cycles. 
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^. LESSON 10 — PROGRESS CHECK QUESTIONS 


1. Technician A says MAP input is very important for proper ignition spark timing. Technician В says 
MAP input has no affect on ignition spark timing. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
2. Technician A says canister purge should only occur in closed-loop and under light acceleration or 


during cruise conditions. Technician B says canister purge generally makes the air/fuel ratio richer. 
Who is correct? 


A. Technician A 

B. Technician B 

C. Both Technicians 
D. Neither Technician 


3. TheMIL is used for which of the following: 
A. To control secondary air operation 
B. To access sensor input 
- С. To store a DTC 
D. To alert the driver of certain malfunctions 
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LESSON 10 — PROGRESS CHECK ANSWERS 


1. Technician A says MAP input is very important for proper ignition spark timing. Technician B says 
MAP input has no affect on ignition spark timing. Who is correct? 


(A) Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


The PCM relies upon input from the MAP sensor for.load information. Ignition spark timing must be 
adjusted according to air/fuel ratio, load and RPM. 


2. Technician A says canister purge should only occur in closed-loop and under light acceleration or 
during cruise conditions. Technician B says canister purge generally makes the air/fuel ratio richer. 
Who is correct? 


(A) Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
In closed-loop, input from the oxygen sensor allows the PCM to adjust the fuel injector pulse width 
to compensate for the amount of fuel added to the intake air by the EVAP system. Generally, the air/ 
fuel ratio is made leaner because the percentage of fuel vapor in the purge air is very small. 
3. Тһе MIL is used for which of the following: 
A. To control secondary air operation 
B. To access sensor input 
C. To store а DTC 
(0) To alert the driver of certain malfunctions 


Generally, only malfunctions that may increase exhaust emissions will turn on the MIL. 


10-10 EEC SYSTEM RELATED CONDITIONS & SYMPTOMS 


EEC SYSTEM RELATED CONDITIONS & SYMPTOMS 


^. LESSON 10 — PROGRESS CHECK QUESTIONS (CONTD.) 


4. Tech A says lean air/fuel mixtures keep combustion chamber temperatures low. Technician B says 
rich air/fuel mixtures help to prevent spark knock. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
5. Technician A says EGR operation at wide open throttle will not reduce power. Technician B says 
EGR should not be used during starting and engine warm-up. Who is correct? 
A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
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EEC SYSTEM RELATED CONDITIONS & SYMPTOMS 


LESSON 10 — PROGRESS CHECK ANSWERS (CONTD.) 


4. Tech A says lean air/fuel mixtures keep combustion chamber temperatures low. Technician В says 
rich air/fuel mixtures help to prevent spark knock. Who is correct? 


A. Technician A 

(в) Тесһпісіап В 

С. Both Technicians 
D. Neither Technician 


Because richer mixtures burn cooler, combustion chamber temperatures are kept lower, which 
helps to prevent heat-induced combustion. 


5. Technician A says EGR operation at wide open throttle will not reduce power. Technician B says 
EGR should not be used during starting and engine warm-up. Who is correct? 
A. Technician A 
(в) Тесһпісіап В 
С. Both Technicians 
D. Neither Technician 
EGR operation should not occur during starting and engine warm-up because it is difficult to obtain 


and maintain good combustion in these modes. Also, temperatures in the combustion chambers 
are too low to create NOx and spark knock. 
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LESSON 11: FLEXIBLE FUEL SYSTEM 


D 

| Where does this lesson fit into the Diagnostic Procedure? 

A This lesson covers steps one through four of the Diagnostic 

G Procedure. This lesson explains the Flexible Fuel system, its 
components and its special requirements, compared to gasoline 

N systems. 

0 Objective: 

с J 
Using the information provided in this lesson you will be able to 
identify and describe the operation of the fuel and air intake/inlet 

| systems and their components. 

С 

Р 5. Perform 

Diagnostic 

B Tests 

0 

С 6. Interpret 

E Test Results 

D 

U 7. Isolate 

R Root Cause 

E 


.8. Repair 
the Problem 


9. Verify the 
Repair 
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FLEXIBLE FUEL SYSTEM 


~ SYSTEM DESCRIPTION 


The Flexible Fuel (FF) system is very similar to 
the gasoline Sequential Fuel Injection (SFI) 
system. The Flexible Fuel (FF) system is 


designed to use any combination of gasoline and 


methanol up to 85% methanol. At least 15% 
gasoline is required to start the engine at low 
temperatures, because methanol evaporates 
very slowly at low temperatures. 


The FF system will operate with any blend of 
gasoline and methanol up to 85% methanol. 
Because the system will accommodate varying 
percentages of methanol, the driver can use 


regular unleaded gasoline when a source of M-85 


is not available. When unleaded gasoline is 


added to a partial tank of M-85, the percentage of 


methanol decreases. Similarly, when M-85 is 
added to a partial tank of gasoline, the 
percentage of methanol increases. 


Methanol contains less energy (BTU) per gallon 


than gasoline. So a larger quantity of methanol 
must be burned to obtain a similar amount of 


= power. 


CAUTIO 1ighly corrosive and 
poisoi extremely carefully. | 
Spe пі components | 
аг uel delivery 
|Sy е methanol fire | 
n пеге ва 
fi | 


e fire could 
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FUEL FUEL RETURN 
PRESSURE LINE 
REGULATOR 


FUEL 
INJECTORS 


FILTER 
PRESSURE 
TEST CONNECTOR 


COLD START FUEL PUMP 
INJECTOR TUEL COMPOSITION 


PRESSURE 
FUEL LINE FUEL TANK 


Figure 11-1 — Typical FF system 


SYSTEM COMPONENTS Fuel Pump 


The FF system has some unique components: 


Fuel Tank 


FUEL 
TANK DRAIN 


REFUELING 
VALVE 


FILLER 
NECK 


VAPOR SEPARATOR 
VALVES 


FUEL TANK 


Figure 11-2 — FF Taurus fuel tank 


The fuel tank capacity is greater on FF vehicles. FUEL 
The high capacity tank enables the vehicle to HETURN 
travel about the same distance as a gasoline 
vehicle before refueling. To fit a larger fuel tank in 
some vehicles, the shape of the tank may cause Figure 11-3 — FF fuel pump 
air pockets. Refueling control valves in 
combination with the vapor vent valves allow fuel 
to displace air. 


The FF fuel pump can deliver more gallons per 
minute than a standard pump. The pump has an 
additional line fitting so the technician can 

connect a hose when draining the tank. The drain 
fitting is provided to prevent damage to shop m 
transfer pumps that may not be corrosion 

resistant. 
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FLEXIBLE FUEL SYSTEM 


Fuel Mixer 


FUEL MIXER 
ASSEMBLY 


Figure 11-4 — FF fuel mixer 


Gasoline and methanol tend to separate. An in- 


line fuel mixer stirs the gasoline and methanol so 
that a uniform mixture is delivered to the engine. 


FLEXIBLE FUEL SYSTEM 


Fuel Composition Sensor 


OUTLET INLET 


Figure 11-5 — FF fuel composition sensor 


The fuel composition sensor provides a signal to 
the PCM to indicate the percentage of methanol 
in the fuel. Because methanol provides less 
energy (BTUs) than gasoline, higher percentages 
of methanol require longer fuel injector pulse 
widths. The Powertrain Control Module (PCM) 
must adjust the pulse width of the fuel injectors 
depending on the percentage of methanol in the 
fuel. The fuel composition sensor is located 
downstream from the fuel mixer so that the 
sensor accurately detects the percentage of 
methanol. Without the fuel mixer, the sensor may 
detect varying percentages of methanol, so pulse 
widths may be incorrect. 
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FLEXIBLE FUEL SYSTEM 


Cold Start Injector 


SPRAY BAR 


COLD START 
FUEL INJECTOR 


PRESSURE DIAGNOSTIC 
FITTING 


Figure 11-6 — FF cold start injector (1993 vehicles) 


Methanol evaporates poorly at low temperatures. 
So extra fuel is required to produce an air/fuel 
mixture with enough vaporized fuel for 
combustion. An additional fuel injector is centrally 
located in the intake air path. The extra injector is 
located upstream from the port injectors so that it 
serves all cylinders and provides additional time 
for evaporation. The extra injector is called a cold 
start injector because it only operates during 
starting when the engine is cold. 


DIAGNOSTIC REFERENCE SOURCES 


Tests and diagnostic routines for the FF system 
are in the shop service and PCED manual. 


This is the end of Lesson 11. Now view Lesson 11 on the video tape, and answer the Progress Check 
questions. 
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FLEXIBLE FUEL SYSTEM 


т» LESSON 11 — PROGRESS CHECK QUESTIONS 


1. Тһе FF system is designed to run on fuel containing what percentage of methanol? 
A. 1096 
B. 1596 
C. 65% 
D. All of the above 


2. AFF system requires which of the following: 
A. Shorter fuel injector duty cycles 
B. Refueling control valves 
C. Less BTU’s per gallon of fuel used 
D. None of the above 


FLEXIBLE FUEL SYSTEM 11-7 


FLEXIBLE FUEL SYSTEM 


LESSON 11 — PROGRESS CHECK ANSWERS 


1. TheFF system is designed to run on fuel containing what percentage of methanol? 
A. 1096 
B. 1596 
C. 6596 
© All of the above 
The Flexible Fuel system will operate with any blend of gasoline and methanol, up to 85% 
methanol. 
2. AFF system requires which of the following: 
A. Shorter fuel injector duty cycles 
Refueling control valves 
C. Less BTU’s per gallon of fuel used 
D. None of the above 


The Flexible Fuel system requires refueling control valves in combination with vapor vent valves to 
allow fuel to displace air in the specially designed high capacity fuel tanks. 
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LESSON 12: THROTTLE BODY FUEL INJECTION 


D 
| SYSTEM 
A Where does this lesson fit into the Diagnostic Procedure? 
е This lesson covers the first four steps of the Diagnostic Procedure. 
You will learn the basic operation of Throttle Body Fuel Injection (TBI) 
N and the differences between TBI and multiport fuel injection systems. 
О CN 
S Objective: 
T Using the information provided in this lesson you will be able to 
identify and describe the operation of the fuel and air intake/inlet 
І systems and their components. 
C 
Р 5. Perform 
Diagnostic | 
Е Tests 
0 
С 6. Interpret 
Е . Test Results 
D 
U 7. Isolate 
R Root Cause 
E 


8. Repair 
the Problem 


9. Verify the 
Repair | 
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THROTTLE BODY FUEL INJECTION SYSTEM 


TBI SYSTEM 


The TBI system is simpler than multiport fuel 
injection. However, TBI systems have been 
replaced with multiport fuel delivery systems. 
Multiport systems provide more accurate control 
and distribution of fuel to individual cylinders. 
Throttle Body Fuel Injection (TBI) systems have 
not been used in Ford products for several years, 
but there are still many of them on the road. 


OPERATION 


The TBI system is also called throttle body fuel 
injection. In the TBI system, the fuel is sprayed 
into the throttle body and travels through the 
intake manifold. Compare this to multiport fuel 
delivery systems which do not add fuel to the air 
until the air is about to enter the intake valve port. 
Since the fuel in the TBI system has to travel a 
much longer distance, some fuel may condense 
on the intake manifold runners or puddling may 
occur. Whenever fuel drops out of the air/fuel 
mixture, the effective air/fuel ratio becomes 
leaner. When puddles vaporize, the air/fuel 
mixture will become richer. 


SYSTEM COMPONENTS 


Many of the components in the TBI fuel delivery 
system are similar to the components used in 
multiport fuel delivery systems. The following are 
the components that are different: 


B Fuel charging assembly 
B Intake manifold 


THROTTLE BODY FUEL INJECTION SYSTEM 12-3 
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Fuel Charging Assembly 


FUEL INJECTOR FUEL PRESSURE 
REGULATOR 


FUEL 
RETURN 


-— 
<. 


FUEL 
SUPPLY 


THROTTLE PLATE 


Figure 12-1 — Fuel charging assembly 


The fuel charging assembly includes the following 
components: 


ш Fuel injector(s) 

B Throttle valve(s) . 

ш Idle air control — throttle position motor 
B Fuel pressure regulator 

B Fuel pressure test connector 
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THROTTLE BODY FUEL INJECTION SYSTEM 


FUEL INJECTOR 


ELECTRICAL 
CONNECTOR 


RETURN 
FILTER 


FUEL 


FUEL IN INLET 


ARMATURE 
BALL VALVE 


DIAPHRAGM 


VALVE SEAT : 


METERING ORIFICES (6) 


Figure 12-2 — Fuel injector 


THROTTLE BODY FUEL INJECTION SYSTEM 


The fuel injector(s) (either one or two) are located 
in the throttle body. They spray the fuel into the 
path of air ahead of the throttle plates. The fuel 
injector(s) are dithering solenoid valves controlled 
by the Powertrain Control Module (PCM). Longer 
pulse widths provide more fuel. The TBI system 
injector(s) has a much higher flow capacity than 
injectors for individual ports. This is because 
each throttle body injector must provide the fuel 
for several cylinders. TBI fuel injectors rarely clog 
because they have larger nozzles and are 
located away from potential carbon build-up.. 
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THROTTLE BODY 


FUEL INJECTOR 


THROTTLE PLATE 


Figure 12-3 — Throttle body 


The throttle body holds the fuel injector above the A reversible DC motor operates the throttle lever 
throttle valve. Some engines have a two-bore to control intake air flow when the accelerator 
throttle body with a fuel injector above each pedal is released. The motor may be called a 
throttle valve. throttle positioner, throttle actuator or stepper 


motor. The PCM operates the throttle positioner 
in much the same way as it controls the idle air 
control valve in multiport fuel delivery systems. 


IDLE AIR CONTROL — THROTTLE 
POSITION MOTOR 


Figure 12-4 — Throttle position motor for idle air control 
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THROTTLE BODY FUEL INJECTION SYSTEM 


^ FUEL PRESSURE REGULATOR FUEL PRESSURE TEST CONNECTOR 


TAMPER-PROOF PLUG PRESSURE ADJUSTMENT 
(NOT TO BE REMOVED) (FACTORY ADJUSTED) 


5-2 


=) fe SPRING 


FUEL PRESSURE 
TEST CONNECTOR 


DIAPHRAGM 


P 
JE 


VALVE AND 
SEAT ASSEMBLY 
Figure 12-5 — Fuel pressure regulator Figure 12-6 — Fuel pressure test connector 
Fuel pressure is set at 39 psi on high pressure The fuel pressure test connector is located on top 
TBI systems and 14.5 psi on low pressure TBI of the fuel pressure regulator. 
systems. Refer to the PCED manual for the : 
system being serviced to identify the correct Intake Manifold 
pressure. The fuel pressure regulator does not я | 
have a vacuum diaphragm since the шө Д те P 
injector(s) is пої exposed to manifold vacuum. ер p 
cylinders. 
This is the end of Lesson 12. Now view Lesson 12 on the video tape, and answer the Progress Check 
questions. 
P m 
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THROTTLE BODY FUEL INJECTION SYSTEM 


^, LESSON 12 — PROGRESS CHECK QUESTIONS 


1. Technician A says a CFI system provides more accurate control and distribution of fuel than a MFI 
system. Technician B says a СҒІ system fuel injector has a much higher flow rate than а MFI 
system fuel injector. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
2. Technician A says the fuel pressure regulator used on a CFI system does not need a vacuum 


diaphragm. Technician B says unplugging the vacuum line from the fuel pressure regulator will 
increase fuel pressure. Who is correct? 


A. Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 


3. Опа CFI system the fuel pressure test connector is normally located on which of the following: 
A. The IAC valve 
B. The fuel injector 
C. The pressure regulator 
D. None of the above 


4. Areversible DC motor is used to control which of the following: 
A. IAC valve 
B. Injector pulse width 
C. Intake air flow rate 
D. None of the above 
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LESSON 12 — PROGRESS CHECK ANSWERS 


1. Technician A says a CFI system provides more accurate control and distribution of fuel than a MFI € 
system. Technician B says a CFI system fuel injector has a much higher flow rate than a MFI 
system fuel injector. Who is correct? 

A. Technician A 
(в) Тесһпісіап В 
С. Both Technicians 
D. Neither Technician 
A Central Fuel Injection system fuel injector has a much higher flow capacity because it must 
provide fuel for more than one cylinder. 

2. Technician A says the fuel pressure regulator used on a CFI system does not need a vacuum 
diaphragm. Technician B says unplugging the vacuum line from the fuel pressure regulator will 
increase fuel pressure. Who is correct? 

Technician A 
B. Technician B 
C. Both Technicians 
D. Neither Technician 
A CFI system fuel pressure regulator does not require a vacuum diaphragm because the fuel 
injector is not exposed to manifold vacuum. 
~— -” 

3. Опа CFI system the fuel pressure test connector is normally located on which of the following: 
A. The IAC valve 
B. The fuel injector 
C. The pressure regulator 

None of the above 
On a CFI system the fuel pressure test connector is normally located on the throttle body. 

4. А reversible DC motor is used to control which of the following: 

A. IAC valve 
B. Injector pulse width 

(С) Intake air flow rate 
D. None of the above 
The deceleration control motor operates the throttle lever to control intake air flow when the 
accelerator pedal is released. 

— 
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LESSON 13: DIAGNOSTIC TESTING EGUIPMENT 


Where does this lesson fit into the Diagnostic Procedure? 


This lesson covers part of step five of the Diagnostic Procedure, 
Perform Diagnostic Tests. This lesson will introduce you to tools and 
testers that may be used to diagnose driveability problems related to 
air/fuel ratio. 


Using the information provided in this lesson you will be able to 
identify the appropriate testing equipment for the job. This lesson 
identifies testing equipment used to diagnose driveability problems 
related to air/fuel ratio. Some of the capabilities of each tool are listed. 


Follow the directions that come with the tools for instructions on how 
to use them. Refer to the shop service and PCED manuals to locate 
the connecting points on specific vehicles. 


Objective: 
Using the information provided in this lesson you will be able to 


identify and describe fuel and air intake systems diagnostic 
procedures and test equipment. 


DIAGNOSTIC TESTING EQUIPMENT 


DIAGNOSTIC TESTING EQUIPMIENT 


^. COMMON DIAGNOSTIC TOOLS Digital Volt-Ohm Meter 
Typical common tools include: 
B Tachometer 
E Digital volt-ohm meter 
B Analog volt meter 
B Fuel pressure/vacuum gauge 


Tachometer 


— 
Figure 13-1 — Typical tachometer Figure 13-2 — Typical digital volt-ohm meter 
A tachometer measures engine RPM and is A digital volt-ohm meter is used to test circuit and 
necessary for diagnosing idle speed problems. load resistance as well as signal voltages. 

mmm, 
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Analog Volt Meter Fuel Pressure/Vacuum Gauge 


DIAL FACE 


Figure 13-4 — Typical fuel pressure/vacuum gauge 


A fuel pressure/vacuum gauge serves two 
diagnostic functions: 


Bi To test fuel pressure in the fuel manifold 
Bi To test manifold or ported vacuum 


W 
Figure 13-3 — Typical analog voltmeter 
For use in testing some circuits where a DVOM 
will not provide sufficient load for some output 
state checks. 
ws 
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DIAGNOSTIC TESTING EQUIPMENT 


^ FUEL PRESSURE TEST 


FUEL RAIL 


FUEL PRESSURE 
TEST CONNECTOR 


свита я, 


- FUEL PRESSURE 
REGULATOR 


Figure 13-5 — Typical fuel pressure test hook-up 


Test fuel pressure with the engine running. Test 
maximum fuel pump pressure by disconnecting 
the vacuum hose from the fuel pressure 
regulator. Test leak-down rate after the engine is 
shut-off. 
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VACUUM TEST 


VACUUM PORT 


VACUUM GAUGE 


Figure 13-6 — Typical vacuum test hook-up 


A vacuum gauge is a very useful tool for 
diagnosing intake air problems. It measures 
manifold vacuum which is directly related to 
intake air restriction and exhaust gas scavenging. 
The gauge also shows variations in vacuum 
caused by abnormal air flow. 
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Figure 13-7 — Vacuum gauge test readings 


SPECIAL DIAGNOSTIC TOOLS 


Special diagnostic testing equipment allows you 

to perform many tests using the same equipment 
hookup. In addition, this equipment allows you to 
simulate conditions and perform tests that cannot 
be done with common tools. Some of the special 
diagnostic tools that are available from Rotunda: 


Ш MAP/BARO tester 

ш EEC-IV monitor 

B New Generation STAR tester 
B Super STAR tester 

B Break-out box 
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RAPID VIBRATION WHEN 
ENGINE IS ACCELERATED 
INDICATES VALVE TRAIN 


INTERMITTENT DROP OF 
NEEDLE INDICATES 
STICKY VALVES 


STEADY, DROP IN NEEDLE 
DURING ACCELERATION INDICATES 
EXHAUST BACK PRESSURE 


B Integrated Relay Control Module (IRCM) tester 
B Fuel injector tester/cleaner 
Bi Service Bay Diagnostic System (SBDS) 


DIAGNOSTIC TESTING EQUIPMENT 


Р m 


DIAGNOSTIC TESTING EQUIPMENT 


Map/Baro Tester EECAV Monitor 


Figure 13-8 — Rotunda MAP/BARO Tester 


The Manifold Absolute Pressure/Barometric 
Pressure (MAP/BARO) Tester tests the MAP and 
BARO sensors for proper input voltage and 
output signal frequency. 


Figure 13-9 — Typical EEC-IV Monitor 


The ЕЕС-ІУ Monitor can be used on all EEC-IV 
equipped NAAO vehicles and some Association 
vehicles. The EEC-IV Monitor connects to the 
Powertrain Control Module (PCM) and PCM 
harness. The EEV-IV Monitor helps you to 
diagnose many air/fuel mixture concerns by 
performing many sensor and actuator tests: 


Ш Oxygen Sensor (025) input simulation for rich/ 
lean/normal conditions 


ш Exhaust Gas Recirculation (EGR) system 
simulation test 


в Electronic fuel pressure/manifold vacuum 
measurement 


Ш MAP/BARO signal frequency measurement 
Bi Duty-cycle measurement in milliseconds 


Ш Sensor, actuator, power and ground circuits 
function tests 
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New Generation STAR Tester Super STAR Il Tester 
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Figure 13-10 — Rotunda New Generation Self Test Figure 13-11 — Super STAR II Tester 
Automatic Read-Out Tester 


Super Self Test Automatic Read-Out (STAR) II 


New Generation Self Test Automatic Read-Out Tester has capabilities to read diagnostic codes 
(NGS) Tester has capabilities similar to the on NAAO vehicles equipped with EEC-IV or MCU 
EEC-IV Monitor. It is compatible with EEC-IV, systems and on some Association vehicles with 


EEC-V and Association vehicles. the use of the proper adapters. 
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Break-Out Box 


Figure 13-12 — Rotunda Break-Out Box 


A Break-Out Box (BOB) connects in series 
between the PCM and PCM harness to allow the 
technician to test circuits without probing the 
wires. Each pin on the BOB corresponds to a 
circuit in the PCM harness. Therefore, you can 
read the input or output signals at the PCM. 
Overlay cards are available for each vehicle to 
identify which pin is connected to each circuit. 


A 60-pin BOB is available for ЕЕС-ІУ and 
Association vehicles. A 104-pin BOB is available 
for EEC-V vehicles. 


DIAGNOSTIC TESTING EQUIPMENT 


Integrated Relay Control Module 
Tester 


Figure 13-13 — Rotunda Integrated Relay Control 
Module Tester 

The Integrated Relay Control Module (IRCM) 
Tester plugs into the IRCM to test current carrying 
capacity and function of the relay. The IRCM 
Tester automatically identifies the module type on 
the vehicle and adjusts its test routines 
accordingly. Do not use IRCM tester to test 
Variable Relay Control Module (VRCM), damage 
to both the module and tester will result. 


Gas Check Kit 


Figure 13-14 — Gas Check kit 

The Gas Check kit tests fuel for the following: 
B Water 

B Alcohol 

B Fuel vapor pressure 

B Lead 


13-9 


DIAGNOSTIC TESTING EQUIPMENT 


Fuel Injector Tester/Cleaner 
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Figure 13-15 — Rotunda Fuel Injector Tester/Cleaner 


All port-type fuel injectors (except deposit 
resistant injectors) can be tested and cleaned 
with the Fuel Injector Tester/Cleaner. This tool 
isolates the fuel manifold from the rest of the 
vehicle's fuel system. Pressure is provided by its 
own pump, filter and pressure regulator. This 
tools has a flow meter tester that is calibrated for 
testing each of the different models of injectors. 
Adapters are available for all vehicles sold by 
Ford. The Fuel Injector Tester/Cleaner performs 
these functions: 
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TESTER SIDE) 


ш Test designated flow rate of individual injectors 


Bi Test injectors without removing them from the 
engine 


E Test fuel injector leak-down rate 
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-— Service Bay Diagnostic System 


Figure 13-16 — Service Bay Diagnostic System 


Service Bay Diagnostic System (SBDS) performs 
many of the functions of the EEC-IV Monitor and 
NGS for all vehicles sold by Ford. It also tests: 


ш Relative compression 

E Cylinder power balance 

ш Relative fuel injector flow rate 

B Fuel injector leak down rate 

m PCM function by simulating inputs to PCM 


- Specifications, service manuals, PCED manual, 
service publications and testing procedures are 
also available on the SBDS monitor screen. 
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^. LESSON 13 — PROGRESS CHECK QUESTIONS 


1. Тһе EEC-IV Monitor Box is best used to perform which of the following tests: 
A. Power balance 
B. Relative compression 
C. Sensor function 
D. None of the above 


2. AMAP/BARO tester is used to check which of the following: 
A. Input frequency 
B. Output voltage 
C. Input voltage and output frequency 
D. None of the above 


3. А 104-ріп BOB can be used when diagnosing which of the following: 
A. ЕЕС-ІУ systems 
B. EEC-V systems 
C. Association vehicles 
D. All of the above 
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LESSON 13 — PROGRESS CHECK ANSWERS 


1. Тһе EEC-IV Monitor Box is best used to perform which of the following tests: 
A. Power balance 
B. Relative compression 
(С) Sensor function 
D. None of the above 
Тһе ЕЕС-ІУ monitor allows the technician to view the same sensor and actuator values which the 
PCM uses to make decisions about engine performance. 
2. AMAP/BARC tester is used to check which of the following: 
A. Input frequency 
B. Output voltage 
(С) Input voltage and output frequency 
D. None of the above 
MAP and BARO sensors require voltage input to output a frequency that supplies the PCM with 
load information. 
3. А104-ріп BOB can be used when diagnosing which of the following: 
A. ЕЕС-ІУ systems 
EEC-V systems 
C. Association vehicles 
D. All of the above 


A 60-pin BOB is available for performing diagnostics on EEC-IV systems and on Association 
vehicles. A 104-pin BOB is available for EEC-V system diagnostics. 
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INTRODUCTION 


The Post Test on the following pages is designed 
to check your performance in the Essentials of 
Driveability Course. | 


The Post Test consists of 50 questions. You must 
correctly answer at least 43 of these questions. 
This demonstrates that you have mastered this 
course and that you are qualified for the next 
course in the Engine Performance Specialty 
Curriculum. 


PREREQUISITES 


You may enroll in the hands-on STST only after 
you have successfully passed the required 
prerequisite CTP and IVLS courses. Each STST 
course has a 50 question Pretest. To pass the 
Pretest and meet the minimum performance 


requirement, you must correctly answer at least 


38 questions. 


STARS Technician History File 


In the Engine Performance Specialty Curriculum, 
your performance in each of the CTP courses will 


be recorded in STARS Technician History file. 


Therefore, you must be registered in STARS 
before mailing your answer sheet. Contact 
your Service Manager now if you are not 
registered in STARS. 


POST TEST 


T 


DIRECTIONS FOR COMPLETING 
POST TEST 


1. Remove the self mailer answer sheet 
located after the last page in this manual. 


2. Atthe top of the self mailer print the 
following information: 


* Your name and social security number 
* Your dealer's name and the P & A code 
* Course code. 


3. Useapenor pencil to mark your answers on 
the answer sheet. Circle only the one best 
correct answer for each question. 


4. When you finish the test: 


* Fold and seal the pre-addressed answer 
sheet. 


e Mail it as soon as possible. 
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POST TEST QUESTIONS 


A customer complains that his vehicle is 
hard starting and stalls at idle. Technician A 
says the Exhaust Gas Recirculation (EGR) 
valve may be malfunctioning. Technician B 
says the EGR valve is not receiving vacuum 
at idle. Who is correct? 


A. Technician A 
B. Technician B 
C. Both AandB 
D. Neither A or B 


Technician A says, in a given volume of air, 
there is more oxygen present when 
barometric pressure is high. Technician B 
says, in a given volume of air, there is more 
oxygen present when air temperature is low. 
Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


A Constant Control Relay Module (CCRM) 
may be used to control which of the 
following: 


A. high Speed Inlet Air (HSIA) shutter valve 
operation. 


B. air Diverter Valve operation. 
C. canister purge. 
D. None of the above 


4. 


Technician A says black smoke coming 

out of the tail pipe indicates excessive 
Hydrocarbon (HC) emissions. Technician B 
says excessive Hydrocarbon (HC) 
emissions may cause catalytic converter 
failure. Who is correct? 

A. Technician A 

B. Technician B 

C. Both A and B 
D 


. Neither A or B 


Technician A says octane rating affects 
flame speed, detonation and pre-ignition. 
Technician B says the higher the octane 
rating the faster flame propagation will 
occur. Who is correct? 

A. Technician A 

B. Technician B 

C. Both A and B 
D. 


Neither A or B 


Technician A says a Flexible Fuel (FF) 
system requires a minimum of 85% 
methanol to operate properly. Technician B 
says this is true because methanol provides 
more energy then gasoline. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


Technician A says a 10:1 air/fuel mixture 
may not ignite reliably because the fuel 
molecules in the mixture are far apart. 
Technician B says flame propagation is more 
difficult when a air/fuel mixture is lean. Who 
is correct? 

A. Technician A 

B. Technician B 

C. Both A and B 
D 


. Neither A or B 
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8. 


10. 


Tis 


12. 


The Powertrain Control Module (PCM) uses 13. 


Manifold Absolute Pressure (MAP) sensor 
input to determine: 


A. exhaust manifold back pressure. 
B. throttle angle position. 

C. engine load. 

D. None of the above 


14. 


Long intake manifold runners tend to 
improve torque at: 


A. high rpm. 

B. intermediate rpm. 
C. low rpm. 

D. All of the above 


Technician A says a signal from a Knock 
Sensor (KS) tells the Powertrain Control 
Module (PCM) that the air/fuel mixture 


should be made leaner. Technician B says 15. 


rich air/fuel mixtures help to keep 
combustion chamber temperatures low. 
Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


16. 


Intake air is heated to enhance: 
A. atomization. 

B. condensation. 

C. vaporization. 

D. absorption. 


The amount of charge that enters a cylinder 
is determined by which of the following: 


A. cylinder scavenging. 

B. intake resonance. 

C. intake manifold pressure. 
D. All of the above 


POST TEST 


A Volume Air Flow (VAF) sensor supplies 
input concerning: 


> 


intake Air Density. 

B. barometric Pressure. 
C. intake Air Volume. 

D. All of the above 


Technician A says a turbocharger wastegate 
vents excessive pressure to the 
atmosphere. Technician B says a 
supercharger wastegate vents excessive 
pressure to the atmosphere. Who is 
correct.? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


A fuel composition sensor is used to 
indicate: 


A. the fuel BTU rating. 

B. the fuel density. 

C. the fuel evaporation rate. 
D. None of the above 


Pulse width is considered: 
A. ihe amount of fuel injector ON time. 
B. the amount of fuel injector OFF time. 


C. the amount of fuel injector ON and OFF 
time combined. 


D. None of the above 
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17. 


18. 


12. 


20. 


Р-4 


А customer complains that his vehicle is 2t 


hard starting and spark knocks. Technician A 
says advanced ignition spark timing may be 
the cause. Technician B says this is true 
because advancing spark timing decreases 
compression pressures. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


A stoichiometric air/fuel mixture is 
considered: 


A. balanced. 
B. incombustible. 

C. lean. 

D. None of the above 


Intake air resonance affects: 


A. the speed in which a charge enters a 
cylinder. 


B. volumetric efficiency. 


C. the amount of charge that enters a 
cylinder. 


D. All of the above 


Technician A says injector pulse width is 
measured in milliseconds (ms). Technician B 
says a fuel injector's opening varies. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


24. 


22. 


23. 


Technician A says an excessively rich 
condition could occur if secondary air is 
directed to the exhaust manifold during 
closed-loop mode. Technician B says 
secondary air should be vented to the 
atmosphere when the air/fuel mixture is 
stoichiometric. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


Technician A says a Flexible Fuel (FF) 
system requires a fuel mixer because 
methanol will not stay mixed with gasoline. 
Technician B says without a fuel mixer, the 
fuel composition sensor may detect varying 
percentages of methanol. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


On most vehicles, an Intake Air Temperature 
(IAT) sensor is used in which of the following 
systems: 


A. Volume Air Flow (VAF). 
B. Mass Air Flow (MAF). 
C. speed density. 

D. All of the above 


Variable Resonance Induction System 
(VRIS) shutter valves stay closed: 


below 1000 rpm. 

below 3000 rpm. 

between 3000 and 6000 rpm. 
None of the above 


ә о т > 
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25. 


26. 


27. 


28. 


А fuel system pressure test performed оп а 
CFI system indicates low fuel pressure. 
Technician A says a poor vacuum signal to 
the fuel pressure regulator may be the 
cause. Technician B says the fuel pulsation 
dampner may be the cause. Who is correct? 


A. Technician A 
B. Technician B 
C. BothAandB 
D. Neither A or B 


Technician A says lean air/fuel mixtures burn 
very hot. Technician B says high combustion 
chamber temperatures promote the 
formation of oxides of nitrogen (NOx). Who 
is correct? 


A. Technician A 
B. Technician B 
C. BothAandB 
D. Neither A or B 


Exhaust gas recirculation is controlled by: 
A. Coolant temperature 

B. Engine speed 

C. Exhaust system backpressure 

D. All of the above 


Technician A says canister purge should 
normally occur when the engine is at 
operating temperature and off idle. 
Technician B says to prevent harmful 
crankcase vapors from being vented into the 
atmosphere they are stored in the carbon 
canister until they can be burned. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 
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29. Which of the following is used to control 


30. 


31. 


32. 


33. 


High Speed Inlet Air (HSIA) system 
operation: 


A. Vacuum 

B. PCM 

C. Engine rpm 

D. All of the above 


The Inertia Fuel Shut-Off (IFS) switch is 
used to control: 


A. Fuel injectors 

B. Ignition system 

C. Fuel pump operation 
D. None of the above 


Technician A says for a given throttle 
opening and engine load, manifold pressure 
is greater at higher rpm. Technician B says 
for a given engine speed, manifold pressure 
is lower for a smaller throttle opening. Who 
is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


A reversible DC motor is used to control: 


> 


Air resonance 

B. Canister purge 
C. Throttle position 
D. All of the above 


Technician A says fuel injector flow rate is 
measured in terms of pounds of fuel per 
hour. Technician B says fuel injector flow 
rate is fixed while it is opened. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 
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34. 


35. 


36. 


37. 


38. 


A 17:1 air/fuel ratio is considered: 
А. rich. 

B. lean. 

C. balanced. 

D. stable. 


Which of the following is true of a 
supercharger? 


A. Ив driven by a belt 


B. Produces power at the expense of some 
power 


C. Boost is provided at all engine rpm 
D. All of the above 


Which of the following is found in a speed 
density system? 


A. Mass Air Flow (MAF) sensor 

B. Volume Air Flow (VAF) sensor 

C. Intake Air Temperature (IAT) sensor 
D. None of the above 


Technician A says flame propagation causes 
misfire. Technician B says extremely rich 
fuel mixtures cause misfire. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


Exhaust gas recirculation helps to prevent 
the formation of: 


A. hydrocarbon (HC) emissions. 

B. carbon monoxide (CO) emissions. 
C. oxides of nitrogen (NOx) emissions. 
D. None of the above 


39. 


40. 


41. 


42. 


43. 


Technician A says catalytic converters are 
most efficient in a narrow range of air/fuel 
mixtures. Technician B says catalytic 
converters are least efficient when an air/fuel 
mixture is stoichiometric. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


Technician A says a 16:1 air/fuel mixture 
would increase HC emissions. Technician B 
says a 12:1 air/fuel mixture could help to 
promote spark knock. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


Fuel atomization helps to promote: 
A. flame propagation. 

B. fuel condensation. 

C. fuel absorption. 

D. None of the above 


Short intake manifold runners tend to 
increase torque at: 


A. high rpm. 

B. intermediate rpm. 
C. low rpm. 

D. All of the above 


Spark knock and excessive oxides of 
nitogen (NOx) emissions may be caused by 
which of the following: 


A. turbocharger wastegate stuck closed. 
B. restricted charge air cooler. 

C. resonance control valves stuck closed. 
D. All of the above 
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44. Technician А says Mass Air Flow (МАҒ) апа 


45. 


46. 


47. 


Barometric Pressure (BARO) sensors 
provide input concerning intake air flow. 
Technician B says volume air flow is 
measured in cubic feet per minute. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


In a Volume Air Flow (VAF) system, the 
Powertrain Control Module (PCM) uses 
Intake Air Temperature (IAT) sensor input to 
determine: 


A. Spark timing 

B. Coolant temperature 
C. Air density 

D. None of the above 


Technician A says rich air/fuel mixtures 
produce hydrocarbon (HC), carbon 
monoxide (CO) and oxides of nitrogen 
(NOx) emissions. Technician B says lean air/ 
fuel mixtures produce HC and NOx 
emissions. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


Upon inspection the High Speed Inlet Air 
(HSIA) control system is found to be 
inoperable. Technician A says this would 
reduce the power of the engine at high rpm. 
Technician B says this is true because the 
shutter valve would never close. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


POST TEST 


<_< Sn 


48. 


49. 


50. 


POST TEST 


Technician A says excessive exhaust 
backpressure may reduce power. Technician 
B says this would reduce cylinder 
scavenging. Who is correct? 

A. Technician A 

B. Technician B 

C. Both A andB 
D 


. Neither A or B 


Technician A says a charge air cooler 
reduces the temperature of air prior to 
entering the supercharger. Technician B 
says this is true because by lowering air 
temperature more air can enter the 
supercharger. Who is correct? 

A. A. Technician A 

B. B. Technician B 

C. C. Both A and B 


D. D. Neither A or B 


Technician A says Manifold Absolute 
Pressure and Throttle Position (TP) sensors 
provide the Powertrain Control Module 
(PCM) with information about load. 
Technician B says the Mass Air Flow sensor 
supplies the PCM with information about 
load. Who is correct? 

A. Technician A 

B. Technician B 

C. Both A and B 
D 


. Neither A or B 
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New New Acronyms/ Old Acronyms/ 
Term Abbreviations Term 


Accelerator Pedal AP — Accelerator 

— Accelerator Pedal (AP) 
Air Cleaner AC — Air Cleaner (ACL) 
— Thermac Air Cleaner 
A/ 


| L 

Air Cleaner Element ACL Element — Air Cleaner Element (ACL) 

Air Cleaner Housing ACL Housing — Air Cleaner Housing (ACH) 

Air Cleaner Housing Cover ACL Housing Cover — Cleaner Housing Cover 

(ACL Housing Cover) 
Air Conditioning — Air Conditioning (AC) 
Air Conditioning Clutch A/C Clutch — Air Conditioning Clutch (ACC) 
) 
= | 

( 


Air Conditioning Cycling Switch A/C Cycling Switch — Air Conditioning Cycling Switch 
(ACCS) 
Air Conditioning Sensor A/C Sensor - Air Conditioning Sensor 
(A/C Sensor 
Automatic Transaxle A/T — Electronic Automatic Transaxle 
(EATX) 
issi A/T 


Air Conditioning System A/C System — Air Conditioning System (ACS) 
Automatic Transmission - Electronic Automatic Transmission 
(EATX) 


BARO - Barometric Pressure (BARO) 
Barometric Pressure Sensor .| BARO Sensor — Absolute Pressure Sensor (APS) 
— Barometric Pressure Sensor 
(BP Sensor) 
Battery Positive Voltage - Battery Positive Voltage (B+) 
Camshaft Position - Sync Pickup 
Camshaft Position Sensor CMP Sensor — Camshaft Position Sensor (CPS) 
— Camshaft Sensor 
- Cylinder Identification Sensor 
(Cylinder ID Sensor) (CID) 

CARB - Feed Back Carburetor (FBC) 
Central Fuel Injection System CFI System — Continuous Injection System (CIS) 
Central Multiport Fuel Injection Central MFI — Central Multiport Fuel Injection 

(СМҒІ) 
- Fuel Injection (FI) 
Charge Air Cooler CAC — After Cooler 
— Inter Cooler 
Closed Loop - Closed Loop System (CLS) 
Closed Throttle Position - Closed Throttle Position (CTP) ` 
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New New Acronyms/ Old Acronyms/ 
Term с Abbreviations Term 


Closed Throttle Position Switch CTP Switch — Closed Throttle Switch 


Clutch Pedal Position — Clutch Pedal Position (CPP) 
Clutch Pedal Position Switch CPP Switch — Clutch Engage Switch (CES) 
— Clutch Start Switch 
CDROM — Compact Disc Read Only Memory 
(CDROM) 
— Fuel Injection (Fl) 
— K-Jetronic 
— KE-Jetronic 
Crankshaft Position Sensor CKP Sensor — Crankshaft Position Sensor (CPS) 
— Crank Angle Sensor 
Data Link Connector DLC — Assembly Line Communications 
Link (ALCL) 
(VIP Connector) 
Diagnostic Test Mode 
Diagnostic Trouble Code — Self Test Codes 


— Clutch Switch 
CFI — Continuous Injection System (CIS) 
— Continuous Injection System — 
— KE-Motronic 
Continuous Fuel Injection System CFI System — Continuous Injection System (CIS) 
— Assembly Line Diagnostic Link 
(ALDL) 
Differential Pressure Feedback Exhaust Differential Pressure — Differential Pressure Feedback EGR 
Gas Recirculation System Feedback EGR System 


Electronic (Continuous Injection 
Continuous Trap Oxidizer CTOX — Continuous Trap Oxidizer (CTO) 
— Trap Oxidizer — Continuous (TOC) 
— Self Test Connector 
System 


Continuous Fuel Injection 


System-E) (CIS-E) 
Crankshaft Position CKP — Crankshaft Position (CP) 
‘| — Position Indicator Pulse (PIP) 
K 
— Vehicle In Process Connector 


Direct Fuel Injection — Direct Injection (ПІ) 
— Direct Injection — Diesel (DID) 


- Fuel Injection (Е!) 
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di. New New Acronyms/ Old Acronyms/ 
Term Abbreviations Term 


Distributor Ignition — Capacitive Discharge Ignition (CDI) 

— Closed Bowl Distributor 

— Electronic Ignition (El) 
(with Distributor) 

— Electronic Spark Advance Control 
(ESAC) 

— High Energy Ignition (HEI) 

— Remote Mount Thick Film Ignition 
(Remote Mount TFI) 

— Thick Film Ignition (TFI) 


Distributor Ignition Capacitor DI Capacitor 
Distributor ICM — Electronic Distributor Ignition 
System Module (EDIS Module) 
DI System — Electronic Distributor Ignition 
System (EDIS) 


— Early Fuel Evaporation (EFE) 


Electrically Erasable Programmable Read EEPROM — Electrically Erasable Programmable 
Only Memory Read Only Memory (E2PROM) 


Electronic Continuous Fuel Injection Electronic CFI System | — Continuous Injection System — 
System Electronic (Continuous Injection 
System-E) (CIS-E) 
— 
Electronic Engine Control Electronic EC — Electronic Engine Control 
Electronic Ignition EI — Computer Controlled Coil Ignition 
(СЗ!) 
- Distributorless Ignition (ОП) 
- Electronic Ignition (Е!) 
(without Distributor) 
— Integrated Direct Ignition (101) 
Electronic Ignition System EI System — Direct Ignition System (DIS) 
— Distributorless Ignition System (DIS) 
— Electronic Distributorless Ignition 
System (EDIS) 
Engine Control — Electronic Engine Control (EEC) 
Engine Control Module — Engine Control Module (ECM) 
Engine Coolant Level - Engine Coolant Level (ECL) 
Engine Coolant Level Indicator ECL Indicator — Engine Coolant Level Indicator 
Engine Coolant Temperature — Engine Coolant Temperature (ECT) 
Engine Coolant Temperature Sensor ECT Sensor — Coolant Temperature Sensor (CTS) 
— Engine Coolant Temperature Sender 
(ECT Sender) 
Engine Coolant Temperature Switch ECT Switch — Coolant Temperature Switch (CTS) 
mmm 
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New Acronyms/ Old Acronyms/ 
Abbreviations Term 
— Crankshaft Speed 
— Revolutions Per Minute (RPM) 
RPM Sensor — Crankshaft Speed Sensor 


Erasable Programmable Read Only EPROM — Erasable Programmable Read Only 
Memory (EPROM 


) 
Evaporative Emission EVAP — Evaporative Emission (EVAP) 


Evaporative Emission Canister EVAP Canister — Canister 

— Charcoal Canister 
Evaporative Emission Canister Purge EVAP Canister Purge | — EVAP CANP 

— Canister Purge (CANP) 


EVAP Canister Purge 
Valve 


Evaporative Emission Canister Purge Valve — Canister Purge Valve 

— Evaporative Emission Purge Valve 
(EVAP Purge Valve) 

- Canister Purge Vacuum Switching 
Valve (Canister Purge VSV) 

— Duty Solenoid for Purge Valve 

— Vacuum Solenoid Valve (Canister) 
(VSV) 

- Vacuum Solenoid Valve (ЕУАР) 

(VSV) 


Evaporative Emission System EVAP System — Evaporation Emission Control 
System (EECS) 

Exhaust Gas Recirculation EGR — Digital Exhaust Gas Recirculation 
(Digital EGR) 

Exhaust Gas Recirculation Backpressure EGR Backpressure — Backpressure Transducer 

Transducer Transducer 

Exhaust Gas Recirculation Diagnostic EGR Diagnostic Valve | — EGR Diagnostic Valve 

Valve 


Exhaust Gas Recirculation System EGR System — EGR System 
Exhaust Gas Recirculation Temperature EGRT — EGR Temperature 


Exhaust Gas Recirculation Temperature EGRT Sensor — Recirculated Exhaust Gas 
Sensor Temperature Sensor (REGTS) 
Exhaust Gas Recirculation Thermal EGR TVV — EGR Thermal Vacuum Valve 
Vacuum Valve (EGR TVV) 
Exhaust Gas Recirculation Vacuum EGR Vacuum — EGR Vacuum Regulator Solenoid 
Regulator Solenoid Regulator Solenoid (EVR Solenoid) 
Exhaust Gas Recirculation Vacuum EGR Vacuum — EGR Vacuum Regulator Valve 
Regulator Valve Regulator Valve (EVRV) 


Exhaust Gas Recirculation Valve EGR Valve — EGR Valve (EGRV) 
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New New Acronyms/ Old Acronyms/ 
5 Term Abbreviations Term 
Exhaust Gas Recirculation Valve Control EGR Valve Control - EGR Valve Control (EGRVC) 


Exhaust Gas Recirculation Valve Position EGR Valve Position — EGR Valve Position Sensor 
Sensor Sensor (EVP Sensor) 


Fan Control FC — Electro-Drive Fan Control 
(EDF Control) 
— Engine Coolant Fan Control 
— High Electro-Drive Fan Control 
(HEDF Control) 
— Radiator Fan Control 


Fan Control Module FC Module — Fan Control Module 


Fan Control Relay FC Relay — Fan Motor Control Relay 
— Radiator Fan Relay 


Feedback Pressure Exhaust Gas Feedback Pressure — Pressure Feedback Exhaust Gas 
Recirculation Sensor EGR Sensor Recirculation Sensor (PFE) 
— Pressure Feedback ЕСН) 


Flash Electrically Erasable Programmable | FEEPROM — Flash EEPROM 
Read Only Memory 

Flash Erasable Programmable Read Only FEPROM — Flash EPROM 
Memory 


Flexible Fuel - Flexible Fuel (FF) 


Flexible Fuel Sensor FF Sensor — Alcohol Concentration Sensor 
— Fuel Concentration Sensor 

— Fuel Quality Sensor 

— Percent Alcohol Sensor 

— Variable Fuel Sensor 


Fourth Gear — Fourth Gear (4GR) 
Fuel Level Sensor Fuel Level Sensor 
Fuel Pump ІРО |- Fuel Pump (ЕР) 
— Fuel Tank Unit 
- Adaptive Fuel Strategy 


Fuel Pump Module FP Module — Fuel Module 
- |n Tank Module 
- Alternator (ALT) 


Fuel Pressure Regulator Fuel Pressure — Fuel Regulator 
Regulator 
FP 
— Fuel Sender 
Fuel Pump Relay FP Relay — Fuel Pump Relay 
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Governor Control Module — Governor Electronic Module (GEM) 
= Ground (GND) 


Heated Oxygen Sensor HO2S — Heated Exhaust Gas Oxygen 
Sensor (HEGO Sensor) 
- Heated Oxygen Sensor (HOS) 
High Speed Fan Control Switch High Speed FC Switch | — High Speed Fan Control Switch 
(High Speed FC Switch) 


Idle Air Control IAC — Idle Air Bypass Control 
- Іше Speed Control (ISC) 
- Іше Speed Control Bypass Air 
(ISC BPA) 
| IAC Thermal Valve — | 


Idle Air Control Thermal Valve IAC Thermal Valve — Fast Idle Thermo Valve 


Idle Air Control Valve IAC Valve — Air Valve 
— Fast Idle Thermo Valve 
- Іше Air Control Valve (IACV) 
Idle Speed Control ISC — Idle Speed Control (ISC) 
| - Throttle Opener 
Idle Speed Control Actuator ISC Actuator - Idle Speed Control Actuator 
(ISC Actuator) 


Idle Speed Control Solenoid Vacuum Valve | ISC Solenoid Vacuum | — Throttle Opener Vacuum Switching 


Valve Valve (Throttle Opener VSV) 
Ignition Control 


— Vacuum Solenoid Valve 
Ignition Control Module 


(Throttle) (VSV) 
IC — Electronic Spark Advance (ESA) 
— Electronic Spark Timing (EST) 
ICM — Distributorless Ignition System 
Module (DIS Module) 
- Thick Film Ignition Module 
(TFI Module) 
Indirect Fuel Injection - Fuel Injection (Fl) 
Inertia Fuel Shutoff — Inertia Fuel Shutoff (IFS) 
Inertia Fuel Shutoff Switch IFS Switch 
Intake Air Duct IA Duct — Air Intake Duct 
Intake Air System IA System — Air Intake System 


— Indirect Fuel Injection (IDFI) 
— Indirect Diesel Injection (IDI) 
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Manifold Air Temperature (MAT) 
Throttle Body Temperature (TBT) 
Vane Air Temperature (VAT) 


Intake Air Temperature Sensor IAT Sensor Air Temperature Sensor (ATS) 
Intake Air Temperature Sensor 
(IATS) 
Manifold Air Temperature Sensor 
(MATS) 


Keep Alive Random Access Memory Keep Alive RAM — Keep Alive Memory (KAM) 


Intake Air Temperature IAT — Air Charge Temperature (ACT) 
KS - Detonation Sensor (DS) 


Long Term Fuel Trim Long Term FT — Block Learn Matrix (BLM) 
— Block Learn Memory (BLM) 
— Block Learn Multiplier (BLM) 
Low Speed Fan Control Switch Low Speed FC Switch | — Low Speed Fan Control Switch 
(Low Speed FC Switch) 
Malfunction Indicator Lamp MIL — Check Engine 
— Service Engine Soon 
M 


| 
Manifold Absolute Pressure — Manifold Absolute Pressure (MAP) 


Manifold Absolute Pressure Sensor MAP Sensor — Intake Manifold Absolute Pressure 
Sensor 
— Manifold Absolute Pressure Sensor 
(MAPS) 
— Pressure Sensor (P-Sensor) 
|МР | 


Manifold Differential Pressure — Manifold Differential Pressure (MDP) 
Manifold Differential Pressure Sensor MDP Sensor — Vacuum Sensor (VAC Sensor) 


P 
Manifold Surface Temperature MST — Manifold Surface Temperature 
(MST) 
| 2 
Е 


Manifold Vacuum Zone |MVZ. . | Manifold Vacuum Zone (MVZ) 


Manifold Vacuum Zone Switch MVZ Switch — Vacuum Switches 


— Air Flow Control (AFC) 


Mass Air Flow 

— Air Flow Meter 
Mass Air Flow Sensor MAF Sensor — Air Flow Meter 

— Air Flow Sensor (AFS) 

— Hot Wire Anemometer 
Mixture Control Ness — Feed Back Control (FBC) 


— Mixture Control (M/C) 


S 
MV. 
MA 
MC 
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Mixture Control Solenoid MC Solenoid — Mixture Control Solenoid (MCS) 


Multiport Fuel Injection MFI — D-Jetronic 

— Digital Fuel Injection (DFI) 

— Electronic Fuel Injection (EFI) 

— Fuel Injection (Е!) 

— L-Jetronic 

— LH-Jetronic 

— Motronic 

— Multipoint Injection (MPI) 

— Multiport Injection (MPI) 

— Port Fuel Injection (PFI) 

— Programmed Fuel Injection 
(PGM-FI) 

- Tuned Port Injection (TPI) 


— Non Volatile Memory (NVM) 
On-Board Diagnostic 


Oxidation Catalytic Converter 


— Open Loop (OL) 
— Continuous Oxidation Catalyst 
(COC) 
— Oxidation Catalyst (OC) 


- Exhaust Gas Oxygen Sensor 
(EGO Sensor, EGOS) 

— Exhaust Gas Sensor (EGS) 

— Exhaust Oxygen Sensor (EOS) 

— Lambda 

— Oxygen Sensor (O2 Sensor, OS) 


— Park/Neutral (P/N) 


— Neutral Drive Switch (NDS) 
— Neutral Gear Switch (NGS) 


ER 


Park/Neutral Position 
— Neutral Position Switch (NPS) 


Park/Neutral Position Switch PNP Switch 
— Neutral Safety Switch 


Periodic Trap Oxidizer PTOX — Trap Oxidizer — Periodic (TOP) 


Positive Crankcase Ventilation РСУ — Positive Crankcase Ventilation 
(PCV) 

Positive Crankcase Ventilation Valve PCV Valve — Positive Crankcase Ventilation Valve 
(PCV Valve) 


Power Steering Pressure — Power Steering Pressure (PSP) 
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Power Steering Pressure Switch — Power Steering Pressure Switch 
(P/S Pressure Switch, PSPS) 


Powertrain Control Module PCM - Electronic Control Assembly (ECA) 
- Electronic Control Unit 4 (ECU4) 
— Electronic Engine Control 
Processor (EEC Processor) 
— Microprocessor Control Unit (MCU) 
— Single Board Engine Control (SBEC) 
— Single Module Engine Control 
(SMEC) 


Pressure Transducer Exhaust Gas — Pressure Transducer EGR System 

Recirculation System 

Programmable Read Only Memory — Programmable Read Only Memory 
(PROM) 


Pulsed Secondary Air Injection — Air Injection Reactor (AIR) 
— Air Injection Valve (AIV) 
— Pulsair 
— Thermactor II 


Scan Tool 


Secondary Air Injection — Air Injection (Al) 
— Air Injection Reactor (AIR) 
— Thermac 
— Thermactor 


Secondary Air Injection Bypass — Air Management 1 (АМ1) 
— Secondary Air Injection Bypass 
(AIRB) 
— Thermactor Air Bypass (TAB) 


Secondary Air Injection Bypass Valve — Secondary Air Bypass Valve (SABV) 


Secondary Air Injection Control Valve — Air Control Valve 
— Secondary Air Check Valve (SACV) 
— Air Management 2 (AM2) 
— Secondary Air Injection Diverter 
(AIRD) 
— Thermactor Air Diverter (TAD) 


— Air Injection Pump (AIP) 
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Secondary Air Injection Switching Valve AIR Switching Valve — Secondary Air Switching Valve 
(SASV) 


Sequential Multiport Fuel Injection SFI — Fuel Injection (Fl) 
— Sequential Electronic Fuel Injection 
Service Reminder Indicator MM 


(SEFI) 
— Sequential Fuel Injection (SFI) 
S 
Short Term Fuel Trim Short Term FT — Integrator (INT) 
Smoke Puff Limiter - Smoke Puff Limiter (SPL) 
S | - Supercharger (SC) — (| 


— Check Engine 
— Engine Maintenance Reminder 
(EMR) 
Supercharger Pou = se | — Supercharger (SC) 
Supercharger Bypass — Supercharger Bypass (SCB) 
Supercharger Bypass Solenoid SCB Solenoid — Supercharger Bypass Solenoid 
(SBS) 


- Oxygen Sensor Indicator (OXS) 
System Readiness Test — System Readiness Test (SRT) 


RI 
— Service Engine Soon 
C 
Thermal Vacuum Valve 
Third Gear - Third Gear (3GR) 
C 
C 


TV 
3G 
Three Way Catalytic Converter TW — Three Way Catalytic Converter 
(TWC) 
TB 
TP 
C 


Three Way + Oxidation Catalytic Converter | TWC + ОС — Dual Bed 
Throttle Body TB | — Fuel Charging Station 
Throttle Body Fuel Injection — Central Fuel Injection (СЕ!) 
— Electronic Fuel Injection (EFI) 
— Fuel Injection (Fl) 
— Monotronic 
— Single Point Injection (SPI) 
Throttle Position ‘TP == . |- Throttle Position (TP) 
Throttle Position Sensor TP Sensor — Throttle Position Sensor (TPS) 
— Throttle Potentiometer 
Throttle Position Switch TP Switch — Throttle Position Switch (TPS) 
Torque Converter Clutch Li — Converter Clutch Control (CCC) 
— Converter Clutch Override (CCO) 
— Viscous Converter Clutch (VCC) 
Torque Converter Clutch Relay TCC Relay — Lock Up Relay 
Torque Converter Clutch Solenoid Valve TCC Solenoid Valve — Lock Up Solenoid Valve (LUS) 
Transmission Control Module — Transmission Control Module 
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— Park, Reverse, Neutral, Drive, Low 
(PRNDL) 

— Selection Lever Position (SLP) 

— Transmission Range Selection 


TRS 
Transmission Range Sensor - 


(ТН5) 
Manual Lever Position Sensor 
(MLP Sensor) 
Transmission Range Switch TR Switch — Manual Range Position Switch 
(MRPS) 
— Transmission Position Switch 
— Transmission Range Selector 
Switch (TRSS) 


Turbocharger 
Vehicle Speed Sensor VSS — Distance Sensor 
— Pulse Generator (PG) 
VR 


Voltage Regulator — Voltage Regulator (VR) 


Volume Air Flow VAF — Air Flow Control (AFC) 
— Air Flow Meter 
Volume Air Flow Sensor VAF Sensor — Air Flow Meter 
— Air Flow Sensor (AFS) 


- Vane Air Flow 
Warm Up Oxidation Catalytic Converter WU-OC — Light Off Catalyst 
Warm Up Three Way Catalytic Converter WU-TWC — Light Off Catalyst 
Wide Open Throttle - Full Throttle 
Wide Open Throttle Switch WOT Switch — Wide Open Throttle Switch (WOTS) 


New New Acronyms/ 
Term Abbreviations 
TR 


Transmission Range 
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Absorb: To soak up. 

Absorption: The act or process of absorbing. 

Accelerator Pedal (Gas Pedal): A foot-operated pedal used to 
activate Ше throttle plate in the carburetor or the throttle air valve and 
throttle position sensor on fuel injected vehicles. Depressing the 
accelerator pedal results in an increase of air or fuel and air entering the 
engine. 

Aftercooler: Charge Air Cooler. 

Air Density: The amount of mass contained in a given volume. of 
charge. 

Air Intake: Passages that deliver filtered air to the intake manifold. 
Air/Fuel Ratio: The number of pounds of air in proportion to the 
number of pounds of fuel in a mixture. 

Atmosphere: The gaseous mass surrounding the earth. 
Atmosphere Pressure: The pressure due to the weight of the earth’s 
atmosphere. At sea level, the atmospheric pressure is about 14.69 
pounds per square inch and is affected by weather. Atmospheric 
pressure is lower at altitudes above sea level. 

Atomize: To reduce or separate into fine or minute particles. 
Automatic Air Control: Various systems used on high performance 
engines to control resonance and volume of intake air. Such systems 
include Intake Air Control (IAC), ee Inlet Air (HSIA), and 
Variable Resonance Induction System (VRIS). 

Backfire: Combustion occurring outside of the cylinder, either in the 
intake manifold or the exhaust system. 

Backpressure: A term used to describe the measurable restriction to 
exhaust gas flow through exhaust system components. 

Baffle: A structure or enclosure designed to stop, alter, or regulate the 
movement of a liquid, gas and/or sound. 

BARO: Barometric pressure. 

Barometric Pressure (BARO): The pressure of the atmosphere as 
indicated by a barometer. In a mercury barometer, barometric pressure 
averages 29.92 inches of mercury at sea level. It is affected by weather 
andis less at altitudes above sea level. 


Base Idle: Idle RPM determined when the throttle lever is against the 
stop on the throttle body, and the Idle Air Control (IAC) solenoid is 
disconnected so there is no control by the PCM. 

Blow-by: The gases that leak past the piston rings and into the 
crankcase during the compression and combustion strokes. blow-by 
gases consist of unburned and partially burned air/fuel mixture, and 
exhaust gases. 

Boost: The term used for pressure produced by a turbocharger or 
supercharger when it increases airflow into the combustion chamber. 
Boost is usually measured in pounds per square inch (psi). 


BPA: Bypass Air. . 

BPA - IAC: Bypass Air - Idle Air Control. 

BTU: British Thermal Unit. 

British Thermal Unit (BTU): The quantity of heat required to raise the 
. temperature of one pound of water by one degree fahrenheit. 

BTU: British Thermal Unit. 

Bypass Air (BPA): The air which travels into the intake manifold 
through a path other than through the throttle plate opening. 

Bypass Air - Idle Air Control (BPA - IAC): A device that regulates 
the quantity of air flowing into the intake manifold through a path other 
than through the throttle valve. Regulating bypass air controls idle 
speed. 

CAC: Charge Air Cooler. 

Carbon: A non-metallic compound found in all motor fuels which may 
accumulate in the form of soot when it is not completely burned. 
Carbon Monoxide (CO): A poisonous gas with one part carbon to one 
part oxygen created during combustion. 

Cause: Anything producing a result or effect. 

CCRM: Constant Control Relay Module. 

Charge: The mixture of air and fuel which enters the cylinder for 
combustion. 

Charge Air Cooler (CAC): A device that lowers the temperature of the 
pressurized intake air. 

Charging: See charge. 

Closed-Loop Strategy: An operating mode of the PCM in which a 
control circuit samples output to determine how much of a change 
actually took place. Then, the PCM makes another change (if required) 
to produce the desired result. 

CO: Carbon monoxide. 


Coke: A solid residue left after the distillation of petroleum or other 
liquid hydrocarbons. 
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Coking: See coke. 


Cold Start Injector: An additional fuel injector used to assist in cold 
weather engine starting. 


Combustible: Anything that catches fire and burns easily; flammable. 


Combustion: The burning of the air and fuel mixture. Combustion is 
the first step in changing the energy in fuel into a mechanical force that 
can be used to propel the vehicle. 


Combustion Chamber: The area above the top of the piston at TDC 
in which the air/fuel mixture is compressed prior to ignition. 


Combustion Pressure: The pressure in the cylinder caused by 
expansion of the burning air and fuel mixture. 


Condensation: See condense. 

Condense: To form a liquid from a vapor. 

Constant Control Relay Module (CCRM): A relay module that 
provides on-off control of various EEC components. 

Consume: To use up. To absorb. 

Consumption: See consume. 

Contamination: Impurities such as dirt, rust, etc., that could clog a 
system. 

Control: A means or device to direct a mechanism and regulate a 
process. 

Corrode: To wear away or cause to wear away gradually, especially by 
chemical reaction. 

Corrosive: See corrode. 

Cruise: The mode of engine operation in which the throttle is partially 
open, and the load is moderate. During cruise, less than full power is 
required and produced. : 

Cylinder Filling: Charging. 

Dashpot: A damper device that prevents the throttle from closing as 
soon as the driver's foot is taken off the accelerator pedal. This 
prevents the engine from stalling or prevents an overly rich fuel mixture 
that would increase hydrocarbon exhaust emissions. 

Density: The number of parts or units in a given area or space. 
De-Energize: Having the energy turned off. 

Dithering: Changing from ON to OFF so rapidly that flow does not stop 
and start. As a result, flow is regulated. 


Duty Cycle: The ratio of the signals on time to the total length of the 
cycle (On time plus off time). Duty cycle is measured during one full 
cycle of a signal. Duty cycle is expressed as a percentage. 

ECT: Engine Coolant Temperature. 

Energy: Capacity for doing work and overcoming resistance. 

Engine Coolant Temperature (ECT): The temperature of the engine 
coolant, which represents the operating temperature of the engine. 
Evaporate: To convert or change into a vapor. To remove or be 
removed as a vapor. 


Expansion: The increase in volume caused by heat generated from 
the combustion process. 


FF: Flexible Fuel. 
Filtered: Having removed by passing through a filter. 


Flame Front: A flame that starts at the spark plug and travels outward, 
burning the air/fuel mixture in the combustion chamber. Flame front 
speed, used for calculation of spark timing, is the amount of time it 
takes for the air/fuel mixture to burn completely in the chamber. — * 


Flame Propagation: The travel of the flame front. 


Flash Point: The temperature to which the fuel has to be heated until 
sufficient flammable vapor is given off the flash when brought into 
contact with a flame. 


Flexible Fuel (FF): A system capable of using a variety of fuels for 
vehicle operation. 


Flooded: A situation in which the air/fuel mixture is too rich to allow 
easy combustion. this condition leads to a coating of raw fuel on spark 
plug electrodes and makes starting difficult. 


Flow Rate: The amount of fuel flow for a given pressure in a specific 
amount of time. 


Forced Induction: The use of a mechanical device to force more 
charge into the cylinders. Such devices include a turbocharger or 
supercharger. 

Fuel: Any combustible substance burned to provide heat or power. 
Typical fuels include gasoline and diesel fuel. Other types of fuel 
include ethanol, methanol, natural gas, propane or in combination. 

Fuel Filter: A ceramic or paper element placed in the fuel line to 
remove contaminants from the gasoline. 


Fuel Injector (INJ): A valve for delivering metered, pressurized fuel to 
the intake manifold where the fuel mixes with air before entering the 
combustion chamber. 
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Fuel Pump: An electric or mechanical device that pressurizes the fuel 
system, forcing the fuel to flow. The fuel pump delivers a supply of 
gasoline under pressure to meet the engine’s needs. 

Fuel Tank: The vehicle storage reservoir for fuel. The fuel tank is 
equipped with a sealed cap to prevent fumes from escaping. 

Fuel Tank Filler Cap (Gas Cap): The cap рави onto the fuel filler 
neck to seal in the gasoline stored in the fuel tank. The fuel tank filler 
cap maintains proper pressure in the fuel tank and prevents 
evaporation. 


Fuel System: All components from the fuel tank cap to the intake 
manifold. The fuel system handles the storage and delivery of fuel in a 
vehicle. 

Heat Exchanger: See Charge Air Cooler. 

Heat-Induced Ignition: See pre-ignition. 

HSIA: High Speed Inlet Air. 

Hydraulic: Operated by the movement and force of a liquid or gas. 
Hydrocarbon: A compound containing hydrogen and carbon which is 
used for fuel in an engine. Unburned hydrocarbon released to the 
atmosphere is а pollutant. Unburned hydrocarbon comes from 
evaporation of liquid fuel (evaporative emission) or fuel that was not 
completely burned during combustion (exhaust emission). 

IAC: Idle Air Control. 

IAT: Intake Air Temperature. 

Idle: An engine operating mode during which only enough power is 
required and produced to keep the engine running and to carry loads 
rua by the transmission and accessories. Idle is a very low engine 
speed. 

Idle Air Control пеел Electronic control of а solenoid valve that 
regulates the amount of air allowed to bypass the throttle plate during 
closed throttle conditions. The purpose of idle air control is to control 
engine idle speed. 

IFS: Inertia Fuel Shut-Off. 

Impeller: An internal, enclosed wheel equipped with blades to move 
gas or liquid. 

IMRC: Intake Manifold Runner Control. 


Inertia Fuel Shut-Off (IFS): An inertia system that shuts off the fuel 
delivery system when activated by predetermined force limits. 


INJ: Fuel Injector. 


Intake Air: Air drawn through a cleaner and a metering device and 

then distributed to each cylinder for use in combustion. 

Intake Air Temperature (IAT): The temperature of the air entering the 
engine intake manifold. 

Intake Manifold: The component which carries the air from the throttle 
to the cylinders. 

Intake Manifold Runner Control (IMRC): Controls airflow through 
runners in the intake manifold. 

Knock: A sharp metallic sound produced either by detonation (see 
Spark Knock) ог excessive clearance between reciprocating parts. 
Knock Sensor (KS): A piezoelectric device designed to vibrate at 

approximately the same frequency as the onging knock frequency. The 
knock sensor provides information on engine knock to the PCM. 

KS: Knock Sensor 

Lean Air/Fuel Mixture: A condition in which the ratio of air to fuel 

ae more oxygen than is needed to completely burn the quantity of 
uel. 


Liter: A metric system unit of measurement for volume. Engine 
displacement is usually measured in liters. 


Load: The amount of work performed by an engine. 

Long Term Fuel Trim (LFTRIM): Operating in conjunction with short 
term fuel trim to maintain a stoichiometric air/fuel ratio. Long term fuel 
trim is part of the PCM strategy which allows for corrections to the air/ 
fuel ratio. It is shown as a percentage and represents how much the 
PCM is compensating for consistently rich or lean conditions beyond 
the limits of short term fuel trim during closed loop operation. 

M-85: Methanol fuel 

MAF: Mass Air Flow. 


Manifold: A path for liquids or gases which has one inlet and multiple 
outlets (intake manifold) or multiple inlets and one outlet (exhaust 
manifold). 

Manifold Absolute Pressure (MAP): The pressure in the intake 
manifold as compared to a perfect vacuum. 

Manifold Vacuum: Low pressure in the intake manifold caused by 
evacuating action of the pistons and cylinders. 


Manual Lever Position (MLP): Indicates the position of the manual 
lever in electronically controlled transmissions. 
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MAP: Manifold Absolute Pressure. 


Mass: The amount of matter contained in a physical body that is the 
measure of a body’s resistance to acceleration, different from but 
proportional to its weight. 


Mass Air Flow: The amount of air in pounds per minute entering the 
engine intake. 


Mean Flow Rate: The dynamic flow of fuel delivered by the injector at 
a specified pulse width which falls into the middle of a given 
specification band. 


Mechanical: Of or pertaining to machines or tools. 


Meter: Any of various devices designed to measure or indicate and 
record or regulate. 


Methanol: A colorless, flammable liquid, СНОН, used as ап 
antifreeze, solvent, fuel, denaturant for ethanol. 

MFI: Multiport Fuel injection. 

Millisecond (MS): A unit of time equal to one-thousandth of a second. 
MLP: Manual Lever Position Switch 

MS: Millisecond. 


Multiport Fuel Injection (MFI): A fuel-delivery system in which each 
cylinder is individually fueled. 


NA: Naturally Aspirated. 


Naturally Aspirated (NA): The method by which ап internal 
combustion engine draws air into the combustion chamber. As the 
piston moves downward in the cylinder, it creates a vacuum which 
draws air into the combustion chamber through the intake manifold. 


Nitrogen Oxide (NO,): Another way of expressing Oxides of Nitrogen 
NO,: Oxides of Nitrogen. 

O2S: Oxygen Sensor. 

Octane: Any of various hydrocarbons with the formula Свнтв. 


Octane Rating: A numerical measure of antiknock properties of motor 
fuel, based on the percentage by volume of one particular octane па 
standard reference fuel. 


Open-Loop Strategy: An electronic control system in which sensors 
provide information, the PCM gives commands and the output devices 
obey the commands without feedback to the PCM. 


Oxides of Nitrogen (NO,): An exhaust gas from ап internal 
combustion engine; a principle component of smog. 


Oxygen: A colorless, odorless, tasteless chemical element which 
comprises 20% of air and is essential to life processes and combustion. 


Oxygen Sensor (025): A sensor which detects oxygen content in the 
exhaust gases. 


Power: The amount of force or energy available to do work. 


Power Balance: The power provided by a cylinder relative to the 
power provided by each of the other cylinders in the engine. 


Pre-detonation: Pre-ignition. 


Pre-ignition: The condition when the air/fuel mixture begins to burn in 
the combustion chamber prior to occurrence of the ignition spark. Pre- 
ignition causes detonation. 


Pressure: Force exerted against an opposing body; thrust distributed 
over a surface, expressed in units of force per unit of area. 


Program: A logical sequence of operations to be performed by a 
computer in solving a problem or processing data. 


Puddling: Condensation. 


Pulse Width: The length of time an actuator, such as a fuel injector, 
remains energized. 


Pump: A mechanical device used to transfer fluids or gases by suction 
or pressure or both. 


Quench: To cool a surface area or mixture. 


Quit: To stop the running of an engine unintentionally because of a 
malfunction. 


Ratio: A numerical relationship; the proportional size of two quantities 
expressed as a quotient of one divided by the other. (Example: 8 to 1 
can be expressed as 8:1.) 


Relative Compression: The compression of one cylinder compared 
to the other cylinders in an engine firing order. 

Residue: Elements or combinations of elements that remain at the 
conclusion of a chemical reaction. 


Resonance: The way air stops moving an bounces back when the 
intake valve closes. 


Rich Air/Fuel Mixture: A condition in which the ratio of air to fuel 
contains less oxygen than is needed to completely.burn the quantity of 
fuel. 
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Run-on (Dieseling): Ignition is caused by heat rather than electric 
spark. When referring to a gasoline engine, dieseling specifically 
means that the engine continues to run eo anor the ignition has 
been turned off because heat in the combustion chamber ignites the air/ 
fuel mixture. The timing of such ignition is not controlled. 

SC: Supercharged. 

Scavenge: Discharge of exhaust by means of air pressure. 
Scavenging: The process of removing burned gases as completely as 
possible from an engine cylinder before the next charge of air/fuel 
mixture is introduced. 

SD: Speed Density. 

Self Test: A part of the functional Quick Test diagnostic procedure 
which verifies that sensors, actuators and the PCM are connected and 
operating properly. The inputs and control functions are tested under 


controlled operating conditions. The actuators are exercised and 
checked for corresponding results. 


Self Test Input (STI): A circuit in the EEC system used to initiate the 
Self Test. 

Self Test Output (STO): A circuit in the EEC system used to transmit 
Diagnostic Trouble Codes (DTC’s) to a tester. 


Sequential Multiport Fuel Injection (SFI): A multiport fuel delivery 
system in which each injector is individually energized and timed 
relative to its cylinder intake event. Normally fuel is delivered to each 
cylinder once per two crankshaft revolutions in four cycle engines and 
once per crankshaft revolution in two cycle engines. 

SFI: Sequential Multiport Fuel Injection. 

Short Term Fuel Trim (SFTRIM): A correction to fuel pulse width, 
shown as a percentage, and representing how much the PCM is 
compensating for a constantly rich or lean mixture. 


Shutter Valve: A valve, located in the intake manifold, which opens 
and closes an intake path. When the valve is opened, the path that the 
intake airflow travels increases. When closed, the path shortens. This 
action improves torque characteristic at low and high engine rpm. 


Solvent: A liquid capable of dissolving another substance. 


Speed Density (SD): A system which infers information from various 
sensor inputs on the flow rate of intake air to the engine. 


STI: Self Test Input. 
STO: Self Test Output. 


Stoichiometric: Chemically correct. An air/fuel mixture is considered 
stoichiometric when it is neither too rich nor too lean; stoichiometric 
ratio is 14.7 parts of air for every part of fuel. 


Strategy: A plan for action. 
Supercharged (SC): An intake air system that utilizes a supercharger. 


Supercharger: A mechanical driven device that pressurizes the intake 
air, thereby increasing the density of charge air and the consequent 
power output from a given engine displacement. 


Swirl: Turbulent rotation of air as it enters the cylinder. 
TB: Throttle Body. 
TBI: Throttle Body Fuel Injection 
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Throttle: A valve for regulating the flow of intake air to an engine. 
Throttle Body Fuel Injection (TBI): A fuel delivery system in which 
fuel is metered into the intake air at the throttle body. 

ao Body (TB): The device containing the throttle valve (throttle 
plate). 

Throttle Plate: The movable object which provides a variable 
obstruction to air flow through the throttle valve. 

Throttle Position (TP): Indicates the position of the throttle plate to 
measure the driver’s demand for power. 

Torque: Turning or twisting effort, usually measured in pound- feet. 

TP: Throttle Position. 

Transducer: An electrical device which varies resistance through a 
od in reaction to movement of a diaphragm by pressure of a gas or 
iquid. в 

Turbine: Ап impeller-like device іп a turbocharger that is driven by 
exhaust gases. The turbine spins a compressor wheel which pushes air 
into the combustion chambers. 

Turbocharged: An intake air system that utilizes a turbocharger. 
Turbocharger: A device that uses exhaust gases to pack compressed 
air/fuel into the combustion chambers causing a boost in engine power. 
Vacuum Leak: Uncontrolled air flow entering the intake below the 
throttle plates. 

VAF: Volume Air Flow. 

Valve: A device which can start, stop or regulate the flow of liquid or 
gas by a movable part that opens, shuts, or partially obstructs one or 
more ports or passageways. A valve is also the movable part of such a 
device. In.an engine, valves generally refer to the intake and exhaust 
valves for the cylinders. 


Volume Air Flow (VAF)- Meter: A sensor with a movable vane 
connected to a potentiometer calibrated to measure the amount of air 
flowing through the sensor. The output signal is relayed to the PCM 
which then translates the information into the amount of air flowing into 
the engine. 


Vapor: Fine particles of matter, as fog, suspended in the air. The 
gaseous state of a substance that is solid or liquid at normal 
temperatures. 


Vaporize: To convert or be converted into a vapor, especially by 
heating. 


Vaporization: See vaporize. 


Vapor Lock: A premature vaporization of fuel which prevents gasoline 
from reaching the engine. Excess engine heat can cause vapor lock. 


Variable Control Relay Module (VCRM): A relay module that 
provides variable control of various EEC components. 


VCRM: Variable Control Relay Module. 
VECI Label: Vehicle Emission Control Information Label. 


Vehicle Speed Sensor (VSS): A sensor which provides vehicle speed 
information. 


Volumetric Efficiency: The percentage of the volume of the 
combustion chamber that is emptied and refilled during a normal cycle. 


VRIS: Variable Resonance Induction System 
VSS: Vehicle Speed Sensor 
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